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Customer Support is Intel's complete support service that provides Intel customers with hardware support, software 
support, customer training, and consulting services. For more information contact your local sales offices. 


After a customer purchases any system hardware or software product, service and support become major factors in 
determining whether that product will continue to meet a customer's expectations. Such support requires an interna- 
tional support organization and a breadth of programs to meet a variety of customer needs. As you might expect, 
Intel's customer support is quite extensive. It includes factory repair services and worldwide field service offices 
providing hardware repair services, software support services, customer training classes, and consulting services. 


Intel is committed to providing an international service support package through a wide variety of service offerings 
available from Intel Hardware Support. 


Intel's software support consists of two levels of contracts. Standard support includes TIPS (Technical Information 
Phone Service), updates and subscription service (product-specific troubleshooting guides and COMMENTS Maga- 
zine). Basic support includes updates and the subscription service. Contracts are sold in environments which repre- 
sent product groupings (i.e., iRMX environment). 


Intel provides field systems engineering services for any phase of your development or support effort. You can use 
our systems engineers in a variety of ways ranging from assistance in using a new product, developing an application, 
personalizing training, and customizing or tailoring an Intel product to providing technical and management con- 
sulting. Systems Engineers are well versed in technical areas such as microcommunications, real-time applications, 
embedded microcontrollers, and network services. You know your application needs; we know our products. Work- 
ing together we can help you get a successful product to market in the least possible time. 


Intel offers a wide range of instructional programs covering various aspects of system design and implementation. In 
just three to ten days a limited number of individuals learn more in a single workshop than in weeks of self-study. 
For optimum convenience, workshops are scheduled regularly at Training Centers worldwide or we can take our 
workshops to you for on-site instruction. Covering a wide variety of topics, Intel's major course categories include: 
architecture and assembly language, programming and operating systems, bitbus and LAN applications. 
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There are two groups of parts within the MCS@-96 
family: the standard 
8X9X parts and the 8X9XBH 


parts. There are several enhancements on the 8X9XBH 
parts that are not on the 8X9X parts. This manual is 
written about the 8X9XBH parts, generically referred 
to as an 8096BH. Where the standard 8X9X parts dif- 
fer from the 8096BH, notations will be made. 


The 8096BH can be separated into several sections for 
the purpose of describing its operation. There is a 16-bit 
CPU, a programmable High Speed I/O Unit, an analog 
to digital converter, a serial port, and a Pulse Width 
Modulated (PWM) output for digital to analog conver- 
sion. In addition to these functional units, there are 
some sections which support overall operation of the 
chip such as the clock generator. The CPU and the 
programmable 
I/O 
make the 8096BH very different 


from any other microcontroller. 
Let us first examine 


the CPU. 


The major components of the CPU on the 8096BH are 
the Register File and the RALU. Communication with 
the outside world is done through either the Special 
Function Registers (SFRs) or the Memory Controller. 
The RALU (Register/Arithmetic 
Logic Unit) does not 


use an accumulator, it operates directly on the 256-byte 
register space made up of the Register File and the 
SFRs. Efficient I/O operations are possible by directly 
controlling the I/O through the SFRs. The main bene- 
fits of this structure are the ability to quickly change 
context, the absence of accumulator 
bottleneck, and 


fast throughput and I/O times. 


A "Control Unit" and two busses connect the Register 
File and RALU. 
Figure I shows the CPU with its 
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major bus connections. The two buses are the "A-Bus" 
which is 8-bits wide, and the "D-Bus" which is 16-bits 
wide. The D-Bus transfers 
data only between the 


RALU and the Register File or Special Function Regis- 
ters (SFRs). The A-Bus is used as the address bus for 
the above transfers or as a multiplexed address/data 
bus connecting to the "Memory Controller". Any ac- 
cesses of either the internal ROM or external memory 
are done through the Memory Controller. 


Within the memory controller is a slave program coun- 
ter (Slave PC) which keeps track of the PC in the CPU. 
By having most program fetches from memory refer- 
enced to the slave PC, the processor saves time as ad- 
dresses seldom have to be sent to the memory control- 
ler. If the address jumps sequence then the slave PC is 
loaded with a new value and processing continues. 
Data fetches from memory are also done through the 
memory controller, but the slave PC is bypassed for 
this operation. 


The Register File contains 232 bytes of RAM which 
can be accessed as bytes, words, or double-words. Since 
each of these locations can be used by the RALU, there 
are essentially 232 "accumulators". 
The first word in 


the Register File is reserved for use as the stack pointer 
so it can not be used for data when stack manipulations 
are taking place. Addresses for accessing the Register 
File and SFRs are temporarily stored in two 8-bit ad- 
dress registers by the CPU hardware. 


Instructions to the RALU are taken from the A-Bus 
and stored temporarily in the instruction register. The 
Control Unit decodes the instructions and generates the 
correct sequence of signals to have the RALU perform 
the desired function. Figure I shows the instruction 
register and the control unit. 


Most calculations performed by the 8096BH take place 
in the RALU. The RALU, shown in Figure 2, contains 
a 17-bit ALU, the Program Status Word (PSW), the 
Program Counter (PC), a loop counter, and three tem- 
porary registers. All of the registers are 16-bits or 
17-bits (16+ sign extension) wide. Some of the regis- 
ters have the ability to perform simple operations to off- 
load the ALU. 


A separate incrementor is used for the PC; however, 
jumps must be handled through the ALU. Two of the 
temporary registers have their own shift logic. These 
registers are used for the operations which require logi- 
cal shifts, including Normalize, Multiply, and Divide. 
The "Lower Word" register is used only when double- 
word quantities are being shifted, the "Upper Word" 
register is used whenever a shift is performed or as a 
temporary 
register for many instructions. 
Repetitive 


shifts are counted by the 5-bit "Loop Counter". 


A temporary register is used to store the second oper- 
and of two operand instructions. This includes the mul- 
tiplier during multiplications 
and the divisor during 


divisions. To perform subtractions, the output of this 
register can be complemented before being placed into 
the "B" input of the ALU. 


The DELAY shown in Figure 2 is used to convert the 
16-bit bus into an 8-bit bus. This is required as all ad- 
dresses and instructions are carried on the 8-bit A-Bus. 
Several constants, such as 0, I and 2 are stored in the 
RALU 
for use in speeding up certain calculations. 


These come in handy when the RALU needs to make a 
2's complement number or perform an increment or 
decrement instruction. 


The 8096BH requires an input clock frequency of be- 
tween 6.0 MHz and 12 MHz to function. This frequen- 
cy can be applied directly to XTALI. 
Alternatively, 
since XTAL I and XTAL2 are inputs and outputs of an 
inverter, it is also possible to use a crystal to generate 
the clock. A block diagram of the oscillator section is 
shown in Figure 3. Details of the circuit and sugges- 
tions for its use can be found in Section I of the Hard- 
ware Design chapter. 


The crystal or external oscillator frequency is divided 
by 3 to generate the three internal timing phases as 
shown in Figure 4. Each of the internal phases (epeat 
every 3 oscillator periods: 3 oscillator periods are re- 
ferred to as one "state time", the basic time measure- 
ment for 8096BH operations. Most internal operations 
are synchronized to either Phase A, B or C, each of 
which have a 33% duty cycle. Phase A is represented 
externally by CLKOUT, 
a signal available on the 


68-pin part. Phases Band C are not available external- 
ly. The relationships ofXTALl, 
CLKOUT, and Phases 


A, B, and C are shown in Figure 4. It should be noted 
that propagation delays have not been taken into ac- 
count in this diagram. Details on these and other tim- 
ing relationships can be found in the Hardware Design 
chapter. 


The RESET line can be used to start the 8096BH at an 
exact time to provide for synchronization of test equip- 
ment and multiple chip systems. Use of this feature is 
fully explained under RESET, Section 13. 


PHASE 
A 


(CLOCKOUT) 


The addressable memory space on the 8096BH consists 
of 64K bytes, most of which is available to the user for 
program or data memory. Locations which have special 
purposes 
are OOOOHthrough 
OOFFH and 
IFFEH 


through 2080H. All other locations can be used for ei- 
ther program or data storage or for memory mapped 
peripherals. A memory map is shown in Figure 5. 


Locations OOHthrough OFFH contain the Register File 
and Special Function Registers, (SFRs). No code can 


tempt to execute instructions 
from locations OOOH 


through OFFH is made, the instructions will be fetched 
from external memory. This section of external memo- 
ry is reserved for use by Intel development tools. Exe- 
cution of a nonmaskable interrupt (NMI) will force a 
call to external location OOOOH,therefore, the NMI in- 
struction is also reserved for Intel development tools. 


The RALU can operate on any of the 256 internal reg- 
ister locations. Locations OOHthrough 17H are used to 
access the SFRs. Locations 18H and 19H contain the 
stack pointer. These are not SFRs, and may be used as 
standard RAM if stack operations are not being per- 
formed. The stack pointer must be initialized by the 
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user program and can point anywhere in the 64K mem- 
ory space. The stack builds down. There are no restric- 
tions on the use of the remaining 230 locations except 
that code cannot be executed from them. 


All of the I/O on the 8096BH is controlled through the 
SFRs. Many of these registers serve two functions; one 
if they are read from, the other if they are written to. 
Figure 5 shows the locations and names of these regis- 
ters. A summary of the capabilities of each of these 
registers is shown in Figure 6, with complete descrip- 
tions reserved for later sections. 


There are several restrictions on using special function 
registers. 


Neither the source or destination addresses of the Mul- 
tiply and Divide instructions can be a writable special 
function register. 


These registers may not be used as base or index regis- 
ters for indirect or indexed instructions. 


These registers can only be accessed as bytes unless 
otherwise specified in Figure 6. Note that some of these 
registers can only be accessed as words, and not as 
bytes. 


Within the SFR space are several registers labeled 
"RESERVED". 
These registers are reserved for future 


expansion and test purposes. Operations should not be 
performed with these registers as reads from them and 
writes to them may produce unexpected results. For 
example, in some versions of the 8096 writing to loca- 
tion OCH will set both timers to OFFFXH. This may 
not be the case in future products, so it should not be 
used as a feature. 


The upper 16 RAM locations (OFOHthrough OFFH) 
receive their power from the VpD pin. If it is desired to 
keep the memory in"these loc;ationsalive during a pow- 
er down situation, one need only keep voltage on the 


VPD pin. The current required to keep the RAM alive 
is approximately I milliamp (refer to the data sheet for 
the exact specification). Both Vcc and VPD must have 
power applied for normal operation. If VPD is not ap- 
plied the power down RAM will not function properly, 
even if Vcc is applied. 


To place the 8096BH into a power down mode, the 
RESET pin is pulled low. Two state times later the part 
will be in reset. This is necessary to prevent the part 
from writing into RAM as the power goes down. The 
power may now be removed from the Vcc pin, the 
VPD pin 
must 
remain 
within 
specifications. 
The 


8096BH can remain in this state for any amount of time 
and the 16 RAM bytes will retain their values. 


To bring the 8096BH out of power down, RESET is 
held low while Vcc is applied. Two state times after the 
oscillator has stabilized, the RESET pin can be pulled 
high. On the 8X9X devices the back-bias 
generator 
must 


also stabilize. 
This requires approximately 
1millisecond. 


The 8096BH will begin to execute code at location 
02080H 10 state times after RESET is pulled high. Fig- 
ure 7 shows a timing diagram of the power down se- 
quence. To ensure that the 2 state time minimum reset 
time (synchronous with CLKOUT) is met, it is recom- 
mended that 10 XTALl cycles be used. Suggestions for 
actual hardware connections are given in the Hardware 
Design Chapter. Reset is discussed in Section 13. 


To determine if a reset is a return from power down or 
a complete cold start a "key" can be written into pow- 
er-down RAM while the part is running. This key can 
be checked on reset to determine which type of reset 
has occurred. In this way the validity of the power- 
down RAM can be verified. The length of this key de- 
termines the probability that this procedure will work, 
however, there is always a statistical chance that the 
RAM will power up with a replica of the key. 


Under 
most circumstances, 
the power-fail indicator 


which is used to initiate a power-down condition must 
come from the unfiltered, unregulated section of the 
power supply. The power supply must have sufficient 
storage capacity to operate the 8096BH until it has 
completed its reset operation. 


Register 
Description 


r 
Section 


RO 
Zero Register - 
Always reads as a zero, useful for a base when 
3 
indexing and as a constant 
for calculations 
and compares. 


AD_RESULT 
AID 
Result Hi/low 
- 
low 
and high order Results of the AID 
8 
converter 
(byte read only) 


AD_COMMAND 
AID Command 
Register - 
Controls 
the AID 
8 


HSI_MODE 
HSI Mode Register - 
Sets the mode of the High Speed Input unit. 
6 


HSI_TIME 
HSI Time Hi/lo 
- 
Contains 
the time at which the High Speed 
6 
Input unit was triggered. 
(word read only) 


HSO_TIME 
HSO Time Hi/lo 
- 
Sets the time or count for the High Speed 
7 


Output to execute 
the command 
in the Command 
Register. 
(word 
write only) 


HSO_COMMAND 
HSO Command 
Register - 
Determines 
what will happen at the 
7 
time loaded into the HSO Time registers. 


HSI_STATUS 
HSI Status Registers 
- 
Indicates 
which HSI pins were detected 
at 
6 
the time in the HSI Time registers 
and the current state of the pins. 


SBUF(TX) 
Transmit 
buffer for the serial port, holds contents 
to be outputted. 
9 


SBUF(RX) 
Receive 
buffer for the serial port, holds the byte just received 
by 
9 
the serial port. 


INT_MASK 
Interrupt 
Mask Register - 
Enables or disables the individual 
4 
interrupts. 


INT_PENDING 
Interrupt 
Pending Register - 
Indicates 
that an interrupt 
signal has 
4 
occurred 
on one of the sources 
and has not been serviced. 


WATCHDOG 
Watchdog 
Timer Register - 
Written to periodically 
to hold off 
12 
automatic 
reset every 64K state times. 


TIMER1 
Timer 1 Hi/lo 
- 
Timer 1 high and low bytes. (word read only) 
5 


TIMER2 
Timer 2 Hi/lo 
- 
Timer 2 high and low bytes. (word read only) 
5 


10PORTO 
Port 0 Register - 
levels 
on pins of port O. 
10 


BAUD_RATE 
Register which determines 
the baud rate, this register is loaded 
9 
sequentially. 


IOPORT1 
Port 1 Register - 
Used to read or write to Port 1. 
10 


IOPORT2 
Port 2 Register - 
Used to read or write to Port 2. 
10 


SP_STAT 
Serial Port Status - 
Indicates 
the status of the serial port. 
9 


SP_CON 
Serial Port Control - 
Used to set the mode of the serial port. 
9 


10SO 
I/O Status Register 
0 - 
Contains 
information 
on the HSO status 
11 


IOS1 
I/O Status Register 
1 - 
Contains 
information 
on the status of the 
11 
timers and of the HSI. 


lOCO 
I/O Control 
Register 
0 - 
Controls 
alternate 
functions 
of HSI pins, 
11 
Timer 2 reset sources 
and Timer 2 clock sources. 


IOC1 
I/O Control 
Register 
1 - 
Controls 
alternate 
functions 
of Port 2 
11 
pins, timer interrupts 
and HSI interrupts. 


PWM_CONTROl 
Pulse Width Modulation 
Control 
Register - 
Sets the duration 
of 
8 
the PWM pulse. 


VPD 
• 1:t.lV 


RESET 


A listing of locations with special significance is shown 
in Figure 8. The locations marked "Reserved" are re- 
served by Intel for use in testing or future products. 
They must be filled with the Hex value FFH to insure 
compatibility with future parts. 


Locations lFFEH and lFFFH are reserved for Ports 3 
and 4 respectively. This is to allow easy reconstruction 
of these ports if external memory is used in the system. 
An example of reconstructing the I/O ports is given in 
section 7 of the Hardware Design chapter. If ports 3 
and 4 are not going to be reconstructed, these locations 
can be treated as any other external memory location. 


The 9 interrupt vectors are stored in locations 2000H 
through 2011H. The 9th vector is used by Intel devel- 
opment systems, as explained in Section 4. 


Locations 20l2H through 20l7H are reserved for fu- 
ture use. Location 20l8H is the Chip Configuration 
byte which will be discussed in the next section. The 
Jump- To-Self opcodes at locations 20lAH and 20IBH 
are provided for EPROM programming as detailed in 
the 
Hardware 
Design 
chapter. 
Locations 
2020H 


through 
202FH are the security key used with the 


ROM Lock feature which will be discussed in the next 
section. All unspecified addresses in locations 2000H 
through 
207FH, 
including those marked 
Reserved, 
should be considered reserved for use by Intel. 


Resetting the 8096BH causes instructions to be fetched 
starting from location 2080H. This location was chosen 
to allow a system to have up to 8K of RAM continuous 
with the register file. Further information on reset can 
be found in Section 13. 


OOOOH- 0017H 
Register Mapped I/O (SFRs) 


0018H- 
0019H 
Stack Pointer 
1FFEH- 
1FFFH 
Ports 3 and 4 
2000H- 
2011H 
Interrupt Vectors 
2012H- 
2017H 
Reserved 
2018H 
Chip Configuration Byte 


2019H 
Reserved 
201AH- 
201BH 
"Jump to Self" Opcode (27H FEH) 


201CH- 
201FH 
Reserved 
2020H- 
202FH 
Security Key 
2030H- 
207FH 
Reserved 
2080H 
Reset Location 


When a ROM part is ordered, or an EPROM part is 
programmed, 
the internal memory locations 2080H 


through 3FFFH are user specified, as are the interrupt 
vectors, Chip Configuration Register and Security Key 
in locations 2000H through 202FH. 


Instruction and data fetches from the internal ROM or 
EPROM 
occur 
only if the 
part 
has a ROM 
or 


EPROM, EA is tied high, and the address is between 
2000H and 3FFFH. At all other times data is accessed 
from either the internal RAM space or external memo- 
ry and instructions are fetched from external memory. 
The EA pin is latched on RESET rising. Information 
on programming EPROMs can be found in Section 10 
of the Hardware Design chapter. 


Do not execute code out of the last three locations of 
internal ROM/EPROM. 


The RALU talks to the memory (except for the loca- 
tions in the register file and SFR space) through the 
memory controller which is connected to the RALU by 
the A-Bus and several control lines. Since the A-Bus is 
eight bits wide, the memory controller uses a Slave Pro- 
gram Counter to avoid having to always get the instruc- 
tion location from the RALU. This slave PC is incre- 
mented after each fetch. When a jump or call occurs, 
the slave PC must be loaded from the A-Bus before 
instruction fetches can continue. 


In addition to holding a slave PC, the memory .control- 
ler contains a 3 byte queue to help speed execution. 
This queue is transparent to the RALU and to the user 
unless wait states are forced during external bus cycles. 
The instruction execution times shown in Section 14.8 
show the normal execution times with no wait states 
added and the 16-bit bus selected. Reloading the slave 
PC and fetching the first byte of the new instruction 
stream takes 4 state times. This is reflected in the jump 
taken/not-taken 
times shown in the table. 


2.7 System Bus 


There are several operating modes on the 8096BH. The 
standard bus mode uses a 16-bit multiplexed address/ 
data bus. Other bus modes include an 8-bit mode and a 
mode 
in which 
the bus size can 
dynamically 
be 


are several options available on the type of control sig- 
nals used by the bus. 8X9X devices only operate in the 
standard mode. 


In the standard mode, external memory is addressed 
through lines ADO through ADI5 which form a 16-bit 
multiplexed (address/data) 
data bus. These lines share 


pins with I/O Ports 3 and 4. The falling edge of the 
Address Latch Enable (ALE) line is used to provide a 
clock to a transparent latch (74LS373) in order to de- 
multiplex the bus. A typical circuit and the required 
timings are shown in Section 7 of the Hardware Design 
chapter. Since the 8096BH's external memory can be 
addressed as either bytes or words, the decoding is con- 
trolled with two lines, Bus High Enable (BHE) and 
Address/Data 
Line 0 (ADO). On the 8X9X devices the 


BHE line must be transparently latched, just as the ad- 
dresses are. 


To avoid confusion during the explanation of the mem- 
ory system it is reasonable to give names to the demulti- 
plexed address/data signals. The address signals will be 
called MAO through MAI5 (Memory Address), and 
the data signals will be called MDO through MD 15 
(Memory Data). 


When BHE is active (low), the memory connected to 
the high byte of the data bus should be selected. When 
MAO is low the memory connected to the low byte of 
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the data bus should be selected. In this way accesses to 
a 16-bit wide memory can be to the low (even) byte 
only (MAO=O, BHE= I), to the high (odd) byte only 
(MAO= I, 
BHE=O), 
or 
to both 
bytes (MAO=O, 


BHE = 0). When a memory block is being used only for 
reads, BHE and MAO need not be decoded. 


Figure 9 shows the idealized waveforms related to the 
following description of external memory manipula- 
tions. For exact timing specifications please refer to the 
latest data sheet. When an external memory fetch be- 
gins, the address latch enable (ALE) line rises, the ad- 
dress is put on ADO-ADI5 
and BHE is set to the re- 


quired state. ALE then falls, the address is taken off the 
pins, and the RD (Read) signal goes low. When RD 
falls, external memory should present its data to the 
8096BH. 


The data from the external memory must be on the bus 
and stable for a minimum of the specified set-up time 
before the rising edge of RD. The rising edge of RD 
latches the information into the 8096BH. If the read is 
for data, the INST pin will be low when the address is 
valid, if it is for an instruction the INST pin will be 
high during this time. The 48-lead part does not have 
the INST pin. The INST pin will be low for the Chip 
Configuration Byte and Interrupt Vector fetches. 


Writing to external memory requires timings that are 
similar to those required when reading from' it. The 
main difference is that the write (WR) signal is used 
instead of the RD signal. The timings are the same until 
the falling edge of the WR line. At this point the 
8096BH removes the address and places the data on the 
bus. When the WR line goes high the data should be 
latched to the external memory. In systems which can 
write to byte locations, the ADO and BHE lines must be 
used to decode WR into WRite to Low byte (WRL) 
and WRite to High byte (WRH) signals. INST is al- 
ways low during a write, as instructions cannot be writ- 
ten. The exact timing specifications for memory access- 
es can be found in the data sheet. 


A ready line is available on the 8096BH to extend the 
width of the RD and WR pulses in order to allow ac- 
cess of slow memories or for DMA purposes. If the 
READY line is low by the specified time after ALE 
falls, the 8096BH will hold the bus lines to their values 
at the falling edge of CLKOUT. When the READY 
line rises the bus cycle will continue with the next fall- 
ing edge of CLKOUT. 


Since the bus is synchronized to CLKOUT, it can be 
held only for an integral number of state times. If more 
than TYLYH nanoseconds are added the processor will 
act unpredictably. 


There are several set-up and hold times associated with 
the READY signal. If these timings are not met, the 
part may not respond with the proper number of wait 
states. 


For falling edges of READY, sampling is done inter- 
nally on the falling edge of Phase A. Since Phase A 
generates CLKOUT, 
(after some propagation 
delay) 


the sample will be taken prior to CLKOUT falling. The 
timing specification for this is given as TLL YV, the 
time between when ALE falls and READY must be 
valid. If READY changes between TLL YV max and 
the falling edge of CLKOUT (TLLYH MIN on 48-lead 
devices) it would be possible to have the READY sig- 
nal transitioning as it is being sampled. 


This 
situation 
could 
cause a metastable 
condition 


which could make the device operate unpredictably. 


For the rising edge of READY, sampling is done inter- 
nally on the rising edge of Phase A. The rising edge 
logic is fully synchronized, so it is not possible to cause 
a metastable condition once the device is in a valid not- 
ready condition. To cause one wait state to occur the 
rising edge of READY 
must occur before TLL YH 


MAX after ALE falls. If the signal is brought up after 
this time two wait states may occur. If two wait states 
are desired, READY should be brought high within the 
TLLYH specification + 3 Tosc. Additional wait states 
can be caused by adding additional state times to the 
READY low time. The maximum amount of time that 
a device may be held not-ready is specified as TYL YH. 


The 8096BH has the ability to internally limit the num- 
ber of wait states to I, 2, or 3 as determined by the 
value in the Chip Configuration Register, (CCR). Us- 
ing the CCR for ready timing is discussed at the end of 
this section. If a ready limit is set, the TLL YH MAX 
specification is not used. The 8X9X devices do not have 
internal ready control. 


The 8096BH supports a variety of options to simplify 
memory systems, interfacing requirements and ready 
control. Bus flexibility is provided by allowing selection 
of bus control signal definitions and runtime selection 
of the external bus width. In addition, several ready 
control modes are available to simplify the external 
hardware requirements for accessing slow devices. The 
Chip Configuration Register (CCR) is used to store the 
operating mode information. 


inter 


Since there is no CCR on 8X9X devices, they can only be 
configured in the standard mode. This is the mode the 
8096BH will run in if the CCR is loaded with OFFH. 


Configuration information is stored in the Chip Config- 
uration Register (CCR). Four of the bits in the register 
specify the bus control mode and ready control mode. 
Two bits also govern the level of ROM/EPROM 
pro- 
tection and one bit is NANDed with the BUSWIDTH 
pin every bus cycle to determine the bus size. The CCR 
bit map is shown in Figure 10.The functions associated 
with each bit are described in this section. 


RESERVED 
(Set 
to 
1 for 


compatibility 
with 
future 


parts) 


BUS 
WIDTH 
SELECT 


(16 - BIT BUS / 
S---BI-T-B-U-S) 


WRITE STROBE 
MODE SELECT 


(WR 
AND 
BHE/WRL 
AND 
WRH) 


ADDRESS 
VALID 
STROBE 
SELECT 


(ALE/ 
ADV) 


(lRCO) 
} INTERNAL 
READY 


(IRC1) 
CONTROL 
MODE 


(LOCO)} 
PROGRAM 
LOCK 


(LOCI) 
MODE 
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The CCR is loaded on reset with the Chip Configura- 
tion Byte, located at address 2018H. The CCR register 
is a non-memory mapped location that can only be 
written to during the reset sequence; once it is loaded it 
cannot be changed until the next reset occurs. The 
8096BH will correctly read this location in every bus 
mode. 


If the EA pin is set to a logical 0, the access to 2018H 
comes from external memory. If EA is a logical I, the 
access comes from internal ROM/EPROM. 
If EA is 


+ 12.5V, the CCR is loaded with a byte from a separate 
non-memory-mapped location called PCCB (Program- 
ming CCB). The Programming mode is described in 
Section 10 of the Hardware Design chapter. 


The CCR is not present on 8X9X devices, but the Chip 
Configuration Byte at location 2018H should contain the 
hex value OFFH to provide future compatibility. 8X9X 
devices do not access location 2018H on reset. 


The 8096BH external bus width can be run-time config- 
ured to operate as a standard 
16-bit multiplexed ad- 


dress/data bus, or as an 8051 style 16-bit address/8-bit 
data bus. 


During 
16-bit bus cycles, Ports 3 and 4 contain the 


address multiplexed with data using ALE to latch the 
address. In 8-bit bus cycles, Port 3 is multiplexed ad- 
dress/data 
while Port 4 is address bits 8 through 15. 


The address bits on Port 4 are valid throughout an 8-bit 
bus cycle. Figure I I shows the two options. 


The bus width can be changed each bus cycle and is 
controlled 
using bit 
I of the CCR with the BUS- 


WIDTH pin. If either CCR.I or BUSWIDTH is a 0, 
external accesses will be over a 16-bit address/8-bit 
data bus. If both CCR.I and BUSWIDTH are Is, ex- 
ternal accesses will be over a 16-bit address/16-bit data 
bus. Internal accesses are always 16-bits wide. 


The bus width can be changed every external bus cycle 
if a I was loaded into CCR bit I at reset. If this is the 
case, changing the value of the BUSWIDTH pin at run- 
time will dynamically select the bus width. For exam- 
ple, the user could feed the INST line into the BUS- 
WIDTH 
pin, thus causing instruction accesses to be 


word wide from EPROMs while data accesses are byte 
wide to and from RAMs. A second example would be 
to place an inverted version of Address bit 15 on the 
BUSWIDTH 
pin. This would make half of external 


memory word wide, while half is byte wide. 


Since BUSWIDTH is sampled after address decoding 
has had time to occur, even more complex memory 
maps could be constructed. See the timing specifica- 
tions for an exact description of BUSWIDTH timings. 
The bus width will be determined by bit I of the CCR 
alone on 48-pin parts since they do not have a BUS- 
WIDTH pin. 


When using an 8-bit bus, some performance degrada- 
tion is to be expected. On the 8096BH, instruction exe- 
cution times with an 8-bit bus will slow down if any of 
three conditions occur. First, word writes to external 
memory will cause the executing instruction to take 
two extra state times to complete. Second, word reads 
from external memory will cause a one state time exten- 
sion of instruction execution time. Finally, if the pre- 
fetch queue is empty when an instruction fetch is re- 
quested, instruction 
execution is lengthened by one 


state time for each byte that must be externally ac- 
quired (worst case is the number of bytes in the instruc- 
tion minus one.) 


PORT 
-4 


PORT 3 


S-BIT 


PORT 
-4 
LATCHED 
ADDRESS 
HIGH 


Using the CCR, the 8096BH can be made to provide 
bus control signals of several types. Three control lines 
have dual functions designed to reduce external hard- 
ware. Bits 2 and 3 of the CCR specify the functions 
performed by these control lines. Figures 12-15 show 
the signals which can be modified by changing bits in 
the CCR, all other lines will operate as shown in Figure 9. 


BHE I 
V_A_L_ID 
I 


ADO -15 --1 
AD DR I 
DATA OUT 
~ 


If CCR bits 2 and 3 are Is, then the standard 8096BH 
control ~als 
WR, BHE and ALE are provided (Fig- 


ure 12). WR will come out for every write. BHE will be 
valid throughout 
the bus cycle and can be combined 


with WR and address line 0 to form WRL and WRH. 
ALE will rise as the address starts to come out, and will 
fall to provide the signal to externally latch the address. 
The control signals on 8X9X devices are similar, 
but not 
identical 
to those shown here. Figure 9 shows the 8X9X 
timings. 


u 


ADO -7 
-1ADDR 
Lowl 
DATA OUT 
~ 


ADS -15 
~ 
A_DD_R_E_S_S_H_IG_H 
~ 


inter 


The Write Strobe Mode eliminates the necessity to ex- 
ternally decode for odd or even byte writes. If CCR bit 
2 is a 0, and the bus is in a l6-bit cycle, WRL and 
WRH signals are provided in place of WR and BHE 
(Figure 13). WRL will go low for all byte writes to an 
even address and all word writes. WRH will go low for 
all byte writes to an odd address and all word writes. 


If CCR bit 3 is a 0, then an Address Valid strobe is 
provided in the place of ALE (Figure 14). When the 
address valid mode is selected, ADV will go low after 
an external address is set up. It will stay low until the 
end of the bus cycle, where it will go inactive high. This 
can be used to provide a chip select for external memory. 


LJ 


I 
VALID I 
ADO -7 -1ADDRLOWI 
DATA OUT J---- 


ADO -15 --1 
ADDR I 
DATA OUT J---- 
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AD8 -15 -1 
A_D_DR_E_S_S_H_IG_HJ---- 


ADV 
I 
ADV 


WR 
I" 
WR 
U 


8HEI 
VALID 
I 
ADO - 7 --1ADDR LOwl 
DATA OUT I- 


ADO -15 ---B 
DATA OUT 
J---- 
AD8-15 ---i 
ADDRESS OUT HIGH I- 
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inter 


ADV 
ADV 


WRL 
8 
WRL 
LJ 


WRH 
8 
ADO -7 --1 ADDR LOW I 
DATA OUT 
~ 


ADO -15 -i 
ADDR 
DATA OUT 
~ 
AD8 -15 -1 
ADDRESS HIGH r- 
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16·Blt Bus Cycle 
8·Blt Bus Cycle 


If both CCR bits 2 and 3 are Os,both the Address Valid 
strobe and the Write Strobes will be provided for bus 
control. Figure 15 shows these signals. 


To simplify ready control, four modes of internal ready 
control logic have been provided. The modes are cho- 
sen by properly configuring bits 4 and 5 of the CCR. 


The internal ready control logic can be used to limit the 
number of wait states that slow devices can insert into 
the bus cycle. When the READY pin is pulled low, 
wait states will be inserted into the bus cycle until the 
READY pin goes high, or the number of wait states 
equals the number specified by CCR bits 4 and 5, 
whichever comes first. Table 1 shows the number of 
wait states that can be selected. Internal Ready control 
can be disabled by loading II into bits 4 and 5 of the 
CCR. 


IRC1 
IRCO 
Description 


0 
0 
Limitto 1 Wait State 
0 
1 
Limitto 2 Wait States 


1 
0 
Limitto 3 Wait States 


1 
1 
Disable Internal Ready Control 


This feature provides for simple ready control. For ex- 
ample, every slow memory chip select line could be 
ORed together and be connected to the READY pin 
with CCR bits 4 and 5 programmed to give the desired 
number of wait states to the slow devices. 


Four modes of program memory lock are available on 
the 839XBH and 879XBH parts. CCR bits 6 and 7 
(LOCO, LOCI) select whether internal program memo- 
ry can be read (or written in EPROM parts) by a pro- 
gram executing from external memory. The modes are 
shown in Table 2. Internal ROM/EPROM 
addresses 


2020H through 3FFFH are protected from reads while 
2000H through 3FFFH are protected from writes, as 
set by the CCR. 


LOC1 
LOCO 
Protection 


0 
0 
Read and Write Protected 
0 
1 
Read Protected 
1 
0 
Write Protected 
1 
1 
No Protection 


Only code executing from internal memory can read 
protected internal memory, while a write protected 
memory can not be written to, even from internal exe- 
cution. As a result of 8096BH prefetching of instruc- 
tions, however, accesses to protected memory are not 
allowed for instructions located above 3FFAH. This is 
because the lock protection mechanism is gated off of 
the Memory Controller's 
slave program counter and 


not the CPU program counter. If the bus controller 
receives a request to perform a read of protected memo- 
ry, the read sequence occurs with indeterminate data 
being returned to the CPU. Note that the interrupt vec- 
tors and the CCR are not protected. 


To provide verification and testing when the program 
lock feature is enabled, the 839XBH and 879XBH veri- 
fy the security key before programming or test modes 
are allowed to read from protected memory. Before 
protected memory can be read, the chip reads external 
memory locations 4020H through 402FH and com- 


pares the values found to the internal security key lo- 
cated from 2020H through 202FH. Only when the val- 
ues exactly match will accesses to protected memory be 
allowed. The details of ROM/EPROM 
accessing are 


discussed in Section 10 of the Hardware Design chap- 
ter. 


This section provides information on writing programs 
to execute in the 8096BH. Additional information can 
be found in the following documents: 


MCS<8>-96MACRO ASSEMBLER 
USER'S GUIDE 


Order Number 122048 (Intel Systems) 
Order Number 122351 (DOS Systems) 


MCSI!l-96 UTILmES 
USER'S GUIDE 


Order Number 122049 (Intel Systems) 
Order Number 122356 (DOS Systems) 


PLIM-96 USER'S GUIDE 
Order Number 122134 (Intel Systems) 
Order Number 122361 (DOS Systems) 


Throughout this section, short sections of code are used 
to illustrate the operation of the device. For these sec- 
tions it has been assumed that a set of temporary regis- 
ters have been predeclared. The names of these registers 
have been chosen as follows: 
AX, BX, CX, and DX are 16-bit registers. 
AL is the low byte of AX, AH is the high byte. 
BL is the low byte of BX 
CL is the low byte of CX 
DL is the low byte of DX 


These are the same as the names for the general data 
registers used in the 8086BH. It is important to note, 
however, that in the 8096, these are not dedicated regis- 
ters but merely the symbolic names assigned by the 
programmer to an eight byte region within the onboard 
register file. 


The MCSI!l-96architecture provides support for a vari- 
ety of data types which are likely to be useful in a con- 
trol application. In the discussion of these operand 
types that follows, the names adopted by the PLM-96 
programming language will be used where appropriate. 
To avoid confusion, the name of an operand type will 
be capitalized. A "BYTE" is an unsigned eight bit vari- 
able; a "byte" is an eight bit unit of data of any type. 


BYTES are unsigned 8-bit variables which can take on 
the values between 0 and 255. Arithmetic and relational 


operators can be applied to Ii Y 1n operanos 
OU' 
'UC; 


result must be interpreted in modulo 256 arithmetic. 
Logical operations on BYTES are applied bitwise. Bits 
within BYTES are labeled from 0 to 7, with 0 being the 
least significant bit. There are no alignment restrictions 
for BYTES, so they may be placed anywhere in the 
MCS-96 address space. 


WORDS are unsigned 16-bit variables which can take 
on the values between 0 and 65535. Arithmetic and 
relational operators can be applied to WORD operands 
but the result must be interpreted modulo 65536. Logi- 
cal operations on WORDS are applied bitwise. Bits 
within words are labeled from 0 to 15 with 0 being the 
least significant bit. WORDS must be aligned at even 
byte boundaries in the MCS-96 address space. The least 
significant byte of the WORD is in the even byte ad- 
dress and the most significant byte is in the next higher 
(odd) address. The address of a word is the address of 
its least significant byte. Word operations to odd ad- 
dresses are not guaranteed to operate in a consistent 
manner. 


SHORT-INTEGERS 
are 8-bit signed variables which 


can take on the values between 
-128 
and + 127. 


Arithmetic operations which generate results outside of 
the range of a SHORT-INTEGER 
will set the overflow 


indicators in the program status word. The actual nu- 
meric result returned will be the same as the equivalent 
operation on BYTE variables. There are no alignment 
restrictions on SHORT-INTEGERS 
so they may be 


placed anywhere in the MCS-96 address space. 


INTEGERS are 16-bit signed variables which can take 
on the values between -32,768 and 32,767. Arithmetic 
operations which generate results outside of the range 
of an INTEGER will set the overflow indicators in the 
program status word. The actual numeric result re- 
turned will be the same as the equivalent operation on 
WORD variables. INTEGERS 
conform to the same 


alignment and addressing rules as do WORDS. 


BITS are single-bit operands which can take on the 
Boolean values of true and false. In addition to the nor- 
mal support for bits as components 
of BYTE and 


WORD operands, the 8096 provides for the direct test- 
ing of any bit in the internal register fIle. The MCS-96 
architecture requires that bits be addressed as compo- 
nents of BYTES or WORDS, it does not support the 
direct addressing of bits that can occur in the MCS-51 
architecture. 


DOUBLE-WORDS 
are 
unsigned 
32-bit 
variables 


which 
can 
take 
on 
the 
values 
between 
0 
and 


4,294,967,295. The MCS-96 architecture provides di- 
rect support for this operand type only for shifts and as 
the dividend in a 32 by 16 divide and the product of a 
16 by 16 multiply. For these operations a DOUBLE- 
WORD variable must reside in the on-board register 
file of the 8096 and be aligned at an address which is 
evenly divisible by 4. A DOUBLE-WORD 
operand is 


addressed by the address of its least significant byte. 
DOUBLE-WORD 
operations which are not directly 


supported can be easily implemented with two WORD 
operations. For consistency with Intel provided soft- 
ware the user should adopt the conventions for address- 
ing DOUBLE-WORD 
operands which are discussed in 


Section 3.5. 


Operands are accessed within the address space of the 
8096 with one of six basic addressing modes. Some of 
the details of how these addressing modes work are 
hidden by the assembly language. If the programmer is 
to take full advantage of the architecture, it is impor· 
tant that these details be understood. This section will 
describe the addressing modes as they are handled by 
the hardware. At the end of this section the addressing 


The register-direct mode is used to directly access a 
register from the 256 byte on·board register file. The 
register is selected by an 8·bit field within the instruc- 
tion and register address and must conform to the 


LONG-INTEGERS 
are 32-bit signed variables which 


can take on the values between -2,147,483,648 
and 


2,147,483,647. The MCS-96 architecture provides di- 
rect support for this data type only for shifts and as the 
dividend in a 32 by 16 divide and the product of a 16by 
16 multiply. 


LONG-INTEGERS 
can also be normalized. For these 


operations a LONG-INTEGER 
variable must reside in 


the onboard register file of the 8096 and be aligned at 
an address which is evenly divisible by 4. A LONG-IN- 
TEGER is addressed by the address of its least signifi- 
cant byte. 


LONG· INTEGER 
operations which are not directly 


supported can be easily implemented with two INTE- 
GER operations. For consistency with Intel provided 
software, the user should adopt the conventions for ad· 
dressing LONG operands which are discussed in Sec- 
tion 3.5. 


modes will be described as they are seen through the 
assembly language. The six basic address modes which 
will be described are termed register·direct, indirect, in- 
direct with auto·increment, immediate, short-indexed, 
and long-indexed. Several other useful addressing oper- 
ations can be achieved by combining these basic ad- 
dressing modes with specific registers such as the 
ZERO register or the stack pointer. 


alignment rules for the operand type. Depending on the 
instruction, up to three registers can take part in the 
calculation. 


Examples 
ADD 
AX,BX,CX 


MUL 
AX,BX 


INCB 
CL 


AX:=BX+CX 
AX:=AX*BX 
CL:=CL+l 


The indirect mode is used to access an operand by plac- 
ing its address in a WORD variable in the register file. 
The calculated address must conform to the alignment 
rules for the operand type. Note that the indirect ad- 
dress can refer to an operand anywhere within the ad- 
dress space of the 8096, including the register file. The 


register which contains the indirect address is selected 
by an eight bit field within the instruction. An instruc- 
tion can contain only one indirect reference and the 
remaining operands of the instruction (if any) must be 
register·direct references. 


Examples 
LD 
AX, [AX] 


ADDB 
AL,BL,[CX] 
POP 
[AX] 


AX:=MEM_WORD(AX) 
AL:=BL+MEM_BYTE(CX) 
MEM_WORD(AX) :=MEM_WORD(SP) ; SP:=SP+2 


inter 


This addressing mode is the same as the indirect mode 
except that the WORD variable which contains the in- 
direct address is incremented after it is used to address 
the operand. If the instruction operates on BYTES or 


SHORT-INTEGERS the indirect address variable will 
be incremented by one, if the instruction operates on 
WORDS or INTEGERS the indirect address variable 
will be incremented by two. 


Examples 


LD 
AX, [BX]+ 


ADDB 
AL,BL,[CX]+ 


PUSH 
[AX]+ 


AX:=MEM_WORD(BX) ; BX:=BX+2 
AL:=BL+MEM_BYTE(CX) 
; CX:=CX+1 
SP:=SP-2 ; 
MEM_WORD(SP) :=MEM_WORD(AX) 
AX:=AX+2 


This addressing mode allows an operand to be taken 
directly from a field in the instruction. For operations 
on BYTE or SHORT-INTEGER operands this field is 
eight bits wide, for operations on WORD or INTE- 


GER operands the field is 16bits wide. An instruction 
can contain only one immediate reference and the re- 
maining operand(s) must be register-direct references. 


Examples 


ADD 
AX,#340 


PUSH #1234H 
DIVB AX,#10 


AX:=AX+340 
SP:=SP-2; MEM_WORD(SP) :=1234H 
AL:=AX/10; 
AH:=AX MOD 10 


In this addressing mode an eight bit field in the instruc- 
tion selects a WORD variable in the register file which 
is assumed to contain an address. A second eight bit 
field in the instruction stream is sign-extended and 
summed with the WORD variable to form the address 
of the operand which will take part in the calculation. 


Since the eight bit field is sign-extended, the effective 
address can be up to 128bytes before the address in the 
WORD variable and up to 127 bytes after it. An in- 
struction can contain only one short-indexed reference 
and the remaining operand(s) must be register-direct 
references. 


Examples 


LD 
AX,12[BX] 


MULB 
AX,BL,3[CX] 
AX:=MEM_WORD(BX+12) 
AX:=BL*MEM_BYTE(CX+3) 


This addressing mode is like the short-indexed mode 
except that a 16-bit field is taken from the instruction 
and added to the WORD variable to form the address 
of the operand. No sign extension is necessary. An in- 


struction can contain only one long-indexed reference 
and the remaining operand(s) must be register-direct 
references. 


Examples 
AND 
AX,BX,TABLE[CX] 


ST 
AX ,TABLE [BX] 


ADDB AL,BL,LOOKUP[CX] 


AX:=BX AND MEM_WORD(TABLE+CX) 
MEM_WORD(TABLE+BX) :=AX 
AL:=BL+MEM_BYTE(LOOKUP+CX) 


inter 


The first two bytes in the register file are fixed at zero 
by the 8096 hardware. In addition to providing a fixed 
source of the constant zero for calculations and com- 
parisons, this register can be used as the WORD vari- 


able in a long-indexed reference. This combination of 
register selection and address mode allows any location 
in memory to be addressed directly. 


Examples 
ADD 
AX,1234[0] 


POP 
5678[0] 
AX:=AX+MEM_WORD(1234) 
MEM_WORD(5678) :=MEM_WORD(SP) 
SP:=SP+2 


The system stack pointer in the 8096 can be accessed as 
register 18H of the internal register file. In addition to 
providing for convenient manipulation 
of the stack 


pointer, this also facilitates the accessing of operands in 
the stack. The top of the stack, for example, can be 


accessed by using the stack pointer as the WORD vari- 
able in an indirect reference. In a similar fashion, the 
stack pointer can be used in the short-indexed mode to 
access data within the stack. 


Examples 
PUSH 
[SP] 


LD 
AX,2[SP] 
DUPLICATE TOP_OF_STACK 
AX:=NEXT_TO_TOP 


The 8096 assembly language simplifies the choice of 
addressing modes to be used in several respects: 


Direct Addressing. The assembly language will choose 
between register-direct 
addressing and long-indexed 


with the ZERO register depending on where the oper- 
and is in memory. The user can simply refer to an oper- 
and by its symbolic name; if the operand is in the regis- 
ter fIle, a register-direct reference will be used, if the 
operand is elsewhere in memory, a long-indexed refer- 
ence will be generated. 


Indexed 
Addressing. 
The 
assembly 
language 
will 


choose between short and long indexing depending on 
the value of the index expression. If the value can be 
expressed in eight bits then short indexing will be used, 
if it cannot be expressed in eight bits then long indexing 
will be used. 


The use of these features of the assembly language sim- 
plifies the programming task and should be used wher- 
ever possible. 


The program status word (PSW) is a collection of Bool- 
ean flags which retain information concerning the state 
of the user's program. The format of the PSW is shown 
in Figure 16. The information in the PSW can be bro- 
ken down into two basic categories; interrupt control 
and condition flags. The PSW can be saved in the sys- 
tem stack with a single operation (PUSHF) and re- 
stored in a like manner (POPF). 


< Interrupt 
Mask Reg> 


Figure 16. PSW Register 


The lower eight bits of the PSW are used to individual- 
ly mask the various sources of interrupt to the 8096. A 
logical 'I' in these bit positions enables the servicing of 
the corresponding interrupt. 
These mask bits can be 


accessed as an eight bit byte (INT_MASK-address 
8) in the on-board register file. Bit 9 in the PSW is the 
global interrupt disable. If this bit is cleared then all 
interrupts will be locked out except for the Non Maska- 
ble Interrupt (NMI). Note that the various interrupts 
are collected in the INT_PENDING 
register even if 


they are locked out. Execution of the corresponding 
service routines will procede according to their priority 
when they become enabled. Further information on the 
interrupt structure of the 8096 can be found in Section 4. 


The remaining bits in the PSW are set as side effects of 
instruction execution and can be tested by the condi- 
tional jump instructions. 


Z. The Z (Zero) flag is set to indicate that the operation 
generated a result equal to zero. For the add-with-carry 
(ADDC) and subtract-with-borrow (SUBC) operations 
the Z flag is cleared if the result is non-zero but is never 
set. These two instructions are normally used in con- 
junction with the ADD and SUB instructions to per- 
form multiple precision arithmetic. The operation of 
the Z flag for these instructions leaves it indicating the 
proper result for the entire multiple precision calcula- 
tion. 


N. The N (Negative) flag is set to indicate that the 
operation generated a negative result. Note that the N 
flag will be set to the algebraically correct state even if 
the calculation overflows. When the NEGB instruction 
is performed on a byte register containing 80H, or the 
NEG instruction is performed on a word register con- 
taining 8000H, the N flag is set. 


V. The V (overflow) flag is set to indicate that the oper- 
ation generated a result which is outside the range that 
can be expressed in the destination data type. For the 
SHL, SHLB and SHLL instructions, the V flag will be 
set if the most significant bit of the operand changes at 
any time during the shift. 


VT. The VT (oVerflow Trap) flag is set whenever the V 
flag is set but can only be cleared by an instruction 
which explicitly operates on it such as the CLRVT or 
JVT instructions. The operation of the VT flag allows 
for the testing for a possible overflow condition at the 
end of a sequence of related arithmetic operations. This 


C. The C (Carry) flag is set to indicate the state of the 
arithmetic carry from the most significant bit of the 
ALU for an arithmetic operation or the state of the last 
bit shifted out of the operand for a shift. Arithmetic 
Borrow after a subtract operation is the complement of 
the C flag (i.e. if the operation generated a borrow then 
C = 0). 


ST. The ST (STicky bit) flag is set to indicate that dur- 
ing a right shift a I has been shifted first into the C flag 
and then been shifted out. The ST flag is undefined 
after a multiply operation. The ST flag can be used 
along with the C flag to control rounding after a right 
shift. Consider multiplying two eight bit quantities and 
then scaling the result down to 12 bits: 


MULUB 
SHR 
AX,CL,DL 
AX,#4 
;AX:=CL*DL 
;Shift 
right 
4 places 


If the C flag is set after the shift, it indicates that the 
bits shifted off the end of the operand were greater-than 
or equal-to one half the least significant bit (LSB) of the 
result. If the C flag is clear after the shift, it indicates 
that the bits shifted off the end of the operand were less 
than half the LSB of the result. Without the ST flag, 
the rounding decision must be made on the basis of this 
information 
alone. (Normally 
the 
result 
would be 


rounded up if the C flag is set.) The ST flag allows a 
finer resolution in the rounding decision: 


CST 
Value of the Bits Shifted 
Off 


00 
Value;= 
0 


01 
o < Value < % LSB 


1 0 
Value = % LSB 


1 1 
Value> 
% LSB 


Imprecise rounding can be a major source of error in a 
numerical calculation; use of the ST flag improves the 
options available to the programmer. 


The MCS-96 instruction set contains a full set of arith- 
metic and logical operations for the 8-bit data types 
BYTE and SHORT INTEGER and for the 16-bit data 
types WORD and INTEGER. The DOUBLE·WORD 
and LONG data types (32 bits) are supported for the 
products of 16 by 16 multiplies and the dividends of 32 


by 16 divides and for shift operations. The remaining 
operations on 32-bit variables can be implemented by 
combinations of l6-bit operations. As an example the 
sequence: 


ADD 
ADDC 
AX,CX 
BX,DX 


SUB 
SUBC 
AX,CX 
BX,DX 


performs a 32-bit subtraction. Operations on REAL 
(i.e. floating point) variables are not supported directly 
by the hardware but are supported by the floating point 
library for the 8096 (FPAL-96) which implements a 
single precision subset of the proposed IEEE standard 
for floating point operations. The performance of this 
software 
is 
significantly 
improved 
by 
the 
8096 


NORML instruction which normalizes a 32-bit vari- 
able and by the existence of the ST flag in the PSW. 


In addition to the operations on the various data types, 
the 8096 supports conversions between these types. 
LDBZE (load byte zero extended) converts a BYTE to 


a WORD and LDBSE (load byte sign extended) con- 
verts 
a 
SHORT-INTEGER 
into 
an 
INTEGER. 


WORDS can be converted to DOUBLE-WORDS 
by 


simply clearing the upper WORD of the DOUBLE- 
WORD (CLR) and INTEGERS 
can be converted to 


LONGS with the EXT (sign extend) instruction. 


The MCS-96 instructions for addition, subtraction, and 
comparison do not distinguish between unsigned words 
and signed integers. Conditional jumps are provided to 
allow the user to treat the results of these operations as 
either signed or unsigned quantities. As an example, the 
CMPB (compare byte) instruction is used to compare 
both signed and unsigned eight bit quantities. A JH 
(jump if higher) could be used following the compare if 
unsigned operands were involved or a JGT (jump if 
greater-than) if signed operands were involved. 


Table 3 summarizes the operation of each of the in- 
structions. Complete descriptions of each instruction 
and its timings can be found in the Instruction 
Set 


chapter. A summary of instruction opcodes and timing 
is included in the quick reference section at the end of 
this chapter. Examples of using the instruction set of 
the MCS-96 family can be found in Application Note 
AP-248, "Using the 8096", included in this handbook. 


inter 


Mnemonic 
Oper- 
Operation (Note 1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


AOO/AOOS 
2 
O-O+A 
" " " " 
i 
- 
AOO/AOOB 
3 
O-S+A 
" " " " 
i 
- 
AOOC/AOOCS 
2 
O-O+A+C 
,J, " " " 
i 
- 


SUS/SUSB 
2 
O-O-A 
" " " " 
i 
- 
SUB/SUSB 
3 
O-S-A 
" " " " 
i 
- 
SUBC/SUBCS 
2 
0-0-A+C-1 
,J, " " " 
i 
- 
CMP/CMPS 
2 
O-A 
" " " " 
i 
- 
MUL/MULU 
2 
0,0 
+ 2 - 
O'A 
- 
- 
- 
- 
- 
? 
2 


MUL/MULU 
3 
0,0 
+ 2 - 
S' A 
- - - - 
- 
? 
2 


MULB/MULUB 
2 
0,0+ 
1 - 
O' A 
- - - - 
- 
? 
3 


MULS/MULUS 
3 
0,0+ 
1 - 
S' A 
- 
- - - - 
? 
3 


OIVU 
2 
o - 
(0, D + 2)1A, 0 + 2 
- 
remainder 
- 
- - " 
i 
- 
2 


OIVUS 
2 
0- 
(0,0 
+ l)/A, 
0 + 1 
- 
remainder 
- - - " 
i 
- 
3 


DIV 
2 
D - 
(D, D + 2)1A, 0 + 2 
- 
remainder 
- - - 
? 
i 
- 


OIVS 
2 
o - 
(D, 0 + 1)1A, 0 + 1 
- 
remainder 
- - - 
? 
i 
- 
ANO/ANDS 
2 
0- 
DandA 
" " 
0 
0 
- 
- 


ANO/ANOB 
3 
0- 
SandA 
" " 
0 
0 
- 
- 
OR/ORS 
2 
0- 
DorA 
" " 
0 
0 
- 
- 
, 


XOR/XORB 
2 
o - 
0 (excl. or) A 
" " 
0 
0 
- 
- 
LO/LOB 
2 
O-A 
- 
- - - 
- 
- 


ST/STB 
2 
A-O 
- 
- - - 
- 
- 
LOBSE 
2 
0- 
A;O + 1 - 
SIGN(A) 
- - - - 
- 
- 
3,4 


LDBZE 
2 
D - 
A;D+ 
1 -0 
- 
- 
- 
- 
- 
- 
3,4 


PUSH 
1 
SP - 
SP - 2; (SP) - 
A 
- - - 
- 
- 
- 
POP 
1 
A - 
(SP);SP - 
SP + 2 
- 
- 
- 
- 
- 
- 
PUSHF 
0 
SP - 
SP - 2; (SP) - 
PSW; 
0 
0 
0 
0 
0 
0 
PSW - 
OOOOH 
1- 
0 


POPF 
0 
PSW - 
(SP);SP - 
SP + 2; 
1-" 
" " " 


;" 
" " 
SJMP 
1 
PC - 
PC + 11-bit offset 
- 
- 
- - - 
- 
5 


LJMP 
1 
PC - 
PC + 16·bit offset 
- 
- - 
- 
- 
- 
5 
SR [indirect] 
1 
PC - 
(A) 
- - - 
- 
- 
- 
SCALL 
1 
SP - 
SP - 2; (SP) - 
PC; 
- - 
- 
- 
- 
- 
5 
PC - 
PC + 11-bit offset 


LCALL 
1 
SP - 
SP - 2; (SP) - 
PC; 
- 
- 
- 
- 
- 
- 
5 
PC - 
PC + 16·bit offset 


RET 
0 
PC - 
(SP);SP - 
SP + 2 
- 
- 
- 
- 
- 
- 
J (conditional) 
1 
PC - 
PC + B-bitoffset (if taken) 
- - - - - 
- 
5 
JC 
1 
JumpifC 
= 1 
- 
- 
- 
- 
- 
- 
5 
JNC 
1 
JumpifC 
= 0 
- 
- 
- 
- 
- 
- 
5 
JE 
1 
JumpifZ 
= 1 
- 
- 
- 
- 
- 
- 
5 
NOTES: 
1. If the mnemonic ends in "S", a byte operation is performed, otherwise a word operation is done. Operands 0, S, and A 
must conform to the alignment rules for the required operand type. D and S are locations in the register file; A can be 
located anywhere in memory. 
2. 0, 0 + 2 are consecutive WORDS in memory; D is OOUBLE·WOROaligned. 
3. D, D + 1 are consecutive BYTES in memory; D is WORD aligned. 
4. Changes a byte to a word. 
5. Offset is a 2's complement number. 


Mnemonic 
Oper- 
Operation 
(Note 
1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


JNE 
1 
JumpifZ 
= 0 
- 
- 
- 
- 
- 
- 
5 


JGE 
1 
Jump if N = 0 
- 
- 
- 
- 
- 
- 
5 


JLT 
1 
JumpifN 
= 1 
- 
- 
- 
- - 
- 
5 


JGT 
1 
Jump if N = OandZ = 0 
- 
- 
- 
- 
- 
- 
5 


JLE 
1 
Jump if N = 1 or Z = 1 
- 
- - - 
- 
- 
5 


JH 
1 
Jump if C = 1 and Z = 0 
- 
- - - 
- 
- 
5 


JNH 
1 
Jump if C = 0 or Z = 1 
- 
- 
- 
- 
- - 
5 


JV 
1 
Jump if V = 1 
- - - 
- 
- 
- 
5 


JNV 
1 
Jump if V = 0 
- 
- 
- 
- 
- 
- 
5 


JVT 
1 
Jump if VT = 1; Clear VT 
- 
- 
- 
- 
0 
- 
5 


JNVT 
1 
Jump if VT = 0; Clear VT 
- 
- 
- 
- 
0 
- 
5 


JST 
1 
JumpifST 
= 1 
- 
- 
- 
- 
- 
- 
5 


JNST 
1 
JumpifST 
= 0 
- 
- 
- 
- - 
- 
5 


JBS 
3 
Jump if Specified Bit = 1 
- - 
- 
- 
- 
- 
5,6 


JBC 
3 
Jump if Specified Bit = 0 
- - 
- 
- 
- 
- 
5,6 


DJNZ 
1 
D - 
D - 
1; if D .;. 0 then 
PC - 
PC + 8-bit offset 
- 
- 
- 
- 
- 
- 
5 


DEC/DECB 
1 
D - 
D-1 
" " " " 
t 
- 
NEGINEGB 
1 
D-O-D 
" " " " 
t 
- 
INCIINCB 
1 
D-D+l 
" " " " 
t 
- 
EXT 
1 
D - 
D;D + 2 - 
Sign (D) 
" " 
0 
0 
- 
- 
2 
EXTB 
1 
D - 
D;D + 1 - 
Sign(D) 
" " 
0 
0 
- 
- 
3 


NOT.'NOTB 
1 
D - 
Logical Not (D) 
" " 
0 
0 
- 
- 
CLR/CLRB 
1 
D-O 
1 
0 
0 
0 
- 
- 
SHL/SHLB/SHLL 
2 
C - 
msb-----Isb 
- 
0 
" 
? " " 
t 
- 
7 
SHRISHRB/SHRL 
2 
0- 
msb-----Isb 
- 
C 
" 
? " 
0 
- 
" 
7 


SHRAISHRAB/SHRAL 
2 
msb - 
msb-----Isb 
- 
C 
" " " 
0 
- 
" 
7 
SETC 
0 
C-l 
- - 
1 
- 
- 
- 
CLRC 
0 
C-O 
- 
- 
0 - 
- 
- 
CLRVT 
0 
VT - 
0 
- - - - 
0 
- 
RST 
0 
PC - 
2080H 
0 
0 
0 
0 
0 
0 
8 
DI 
0 
Disable All Interrupts (I - 
0) 
- - - 
- 
- 
- 
EI 
0 
Enable All Interrupts (I - 
1) 
- 
- - - 
- 
- 
Nap 
0 
PC-PC+l 
- - - - 
- - 
SKIP 
0 
PC-PC+2 
- - - - - - 
NORML 
2 
Left shift till msb = 1; D - 
shift count " 
? 
0 
- 
- - 
7 
TRAP 
0 
SP - 
SP - 2; (SP) - 
PC 
PC - 
(2010H) 
- 
- 
- 
- - 
- 
9 


NOTES: 
1. If the mnemonic ends in "B", a byte operation is performed, otherwise a word operation is done. Operands D, B and A 
must conform to the alignment rules for the required operand type. D and B are locations in the register file; A can be 
located anywhere in memory. 
5. Offset is a 2's complement number. 
6. Specified bit is one of the 2048 bits in the register file. 
7. The "L" (Long) suffix indicates double-word operation. 
8. Initiates a Reset by pulling RESET low. Software should re-initialize all the necessary registers with code starting at 
2080H. 
9. The assembler will not accept this mnemonic. 


For a software project of any size it is a good idea to 
modularize 
the program 
and to establish standards 


which control the communication between these mod- 
ules. The nature of these standards will vary with the 
needs of the fmal application. A common component of 
all of these standards, however, must be the mechanism 
for passing parameters to procedures and returning re- 
sults from procedures. In the absence of some overrid- 
ing consideration which prevents their use, it is suggest- 
ed that the user conform to the conventions adopted by 
the PLM-96 programming language for procedure link- 
age. It is a very usable standard for both the assembly 
language and PLM-96 environment and it offers com- 
patibility between these environments. Another advan- 
tage is that it allows the user access to the same floating 
point arithmetics library that PLM-96 uses to operate 
on REAL variables. 


The MCS-96 architecture provides a 256 byte register 
file. Some of these registers are used to control register- 
mapped I/O 
devices and for other special functions 


such as the ZERO register and the stack pointer. The 
remaining bytes in the register me, some 230 of them, 
are available for allocation by the programmer. If these 
registers are to be used effectively, some overall strategy 
for their allocation must be adopted. PLM-96 adopts 
the simple and effective strategy of allocating the eight 
bytes between addresses ICH and 23H as temporary 
storage. The starting address of this region is called 
PLMREG. 
The remaining area in the register file is 


treated as a segment of memory which is allocated as 
required. 


These operands are formed from two adjacent 16-bit 
words in memory. The least significant word of the 
double word is always in lower address, even when the 
data is in the stack (which means that the most sig- 
nificant word must be pushed into the stack first). A 
double word is addressed by the address of its least 
significant byte. Note that the hardware supports some 
operations on double words (e.g. normalize and divide). 
For these operations the double word must be in the 
internal register file and must have an address which is 
evenly divisible by four. 


Parameters are passed to subroutines in the stack. Pa- 
rameters are pushed into the stack in the order that 
they are encountered in the scanning of the source text. 
Eight-bit 
parameters 
(BYTES 
or 
SHORT-INTE- 


GERS) are pushed into the stack with the high order 


ll'llr.Ur.K:), 
l.JVUtJLl:.-WVKl.J:), 
ana 
Kl:.AL~) 
are 


pushed into the stack as two 16-bit values; the most 
significant half of the parameter 
is pushed into the 


stack first. 


As an example, consider the following PLM-96 proce- 
dure: 


example_procedure: 
PROCEDURE 


(param l,param2,param3); 


DECLARE 
paraml BYTE, 
param2 DWORD, 
param3 WORD; 


When this procedure is entered at run time the stack 
will contain the parameters in the following order: 


?????? : param 1 


high word of param2 


low word of param2 


param3 


return address 
+- Stacie-pointer 


Figure 18. Stack Image 


If a procedure returns a value to the calling code (as 
opposed to modifying more global variables) then the 
result is returned in the variable PLMREG. PLMREG 
is viewed as either an 8-, 16- or 32-bit variable depend- 
ing on the type of the procedure. 


The standard calling convention adopted by PLM-96 
has several key features: 
a) Procedures can always assume that the eight bytes of 


register file memory starting at PLMREG 
can be 


used as temporaries within the body of the proce- 
dure. 
b) Code which calls a procedure must assume that the 


eight bytes of register 
me 
memory 
starting 
at 


PLMREG are modified by the procedure. 


c) The Program Status Word (PSW-see 
Section 3.3) is 


not saved and restored by procedures so the calling 
code must assume that the condition flags (Z, N, V, 
VT, C, and ST) are modified by the procedure. 


d) Function 
results from procedures 
are always re- 


turned in the variable PLMREG. 


PLM-96 allows the definition of INTERRUPT 
proce- 


dures which are executed when a predefined interrupt 
occurs. These procedures do not conform to the rules of 
a normal procedure. Parameters cannot be passed to 
these procedures and they cannot return results. Since 
they can execute essentially at any time (hence the term 
interrupt), 
these procedures must save the PSW and 


PLMREG when they are entered and restore these val- 
ues before they exit. 


inter 


There are 21 sources of interrupts 
on the 8096BH. 


These sources are gathered into 8 interrupt types as 
indicated in Figure 19. The 110 control registers which 
control some of the sources are indicated in the figure. 
Each of the eight types of interrupts has its own inter- 
rupt vector as listed in Figure 20. In addition to the 8 
standard interrupts, there is a TRAP instruction which 
acts as a software generated interrupt. This instruction 
is not currently supported by the MCS-96 Assembler 
and is reserved for use in Intel development systems. 


The programmer must initialize the interrupt vector ta- 
ble with the starting address of the appropriate inter- 
rupt service routine. It is suggested that any unused 
interrupts be vectored to an error handling routine. The 
error routine should contain recovery code that will not 
further corrupt an already erroneous situation. In a de- 
bug environment, it may be desirable to have the rou- 
tine lock into a jump to self loop which would be easily 
traceable with emulation tools. More sophisticated rou- 
tines may be appropriate for production code recover· 
ies. 


Three registers control the operation of the interrupt 
system: Interrupt 
Pending, Interrupt 
Mask, and the 


PSW which contains a global disable bit. A block dia- 
gram of the system is shown in Figure 21. The tran- 
sition detector looks for 0 to 1 transitions on any of the 
sources. External sources have a maximum transition 
speed of one edge every state time. If this is exceeded 
the interrupt may not be detected. 


Vector Location 
Vector 
(High 
(Low 
Priority 


Byte) 
Byte) 


Software 
2011H 
2010H 
Not Applicable 


Extint 
200FH 
200EH 
7 (Highest) 


Serial Port 
200DH 
200CH 
6 


Software 
200BH 
200AH 
5 


Timers 
HSI.O 
2009H 
2008H 
4 


High Speed 
2007H 
2006H 
3 


Outputs 
HSI Data 
2005H 
2004H 
2 


Available 
AID Conversion 
2003H 
2002H 
1 


Complete 
Timer Overflow 
2001H 
2000H 
o (Lowest) 


r---1OC1.1 
EXT1NT 
~ 
••• 
EXTINT 
ACH.7 --0 


TI FLAG=:J 
---------- 
SERIAL PORT 


RI FLAG 
~ 
HSO_COMMAND •• 


SOFTWARE_ER 
O~~ 


SOFTWARETIMER 1 
SOFTWARE_ER 
2 


SOFTWARETIMER 3 
RESETTIllER 2' 


START AID CONVERSION' 


HSI.O----------HSI.O 


F1FOISFULL~ 


HOLDING REGISTER LOADED _ 
HSI DATA AVAILABLE 


~ 


--1OC1.2 


TlllER1 OVERFLOW ~ 
~------ 
TIllER OVERFLOW 
TlIIER2 OVERFLOW _ 
W._~__ 
~ 
L_-IOC1.3 


NOTE: 
'Only 
when 
initiated 
by the HSO unit. 


inter 


SERIAL 
PORT 


6 


SOFTWARE 


TIMERS 
HSI.O 


5 


TIMER 


OVERFLOW 
o 


Interrupt 
Pending 
Register 


When the hardware detects one of the eight interrupts 
it sets the corresponding bit in the pending interrupt 
register (INT_PENDING-09H). 
When the interrupt 


vector is taken, the pending bit is cleared. This register, 
the format of which is shown in Figure 22, can be read 
or modified as a byte register. It can be read to deter- 
mine which of the interrupts are pending at any given 
time or modified to either clear pending interrupts or 
generate interrupts under software control. Any soft- 
ware which modifies the INT_PENDING 
register 


should ensure that the entire operation is indivisible. 
The easiest way to do this is to use the logical instruc- 
tions in the two or three operand format, for example: 


ANDB 
INT_PENDING,#llllllOlB 


; Clears the AID 
Interrupt 


ORB 
INT_PENDING,#OOOOOOlOB 


; Sets the AID 
Interrupt 


Caution must be used when writing to the pending reg- 
ister to clear interrupts. 
If the interrupt 
has already 


been acknowledged when the bit is cleared, a 4 state 
time "partial" 
interrupt 
cycle will occur. This is be- 


cause the 8096BH will have to fetch the next instruc- 
tion of the normal instruction flow, instead of proceed- 
ing with the interrupt processing as it was going to. The 
effect on the program will be ~sentially that of an extra 
Nap. This can be prevented by clearing the bits using a 
2 operand immediate logical, as the 8096BH holds off 
acknowledging interrupts during these "read/modify/ 
write" instructions. 


(LOCATION 09H) 


~ 


III 
I I ~ ~il~:~~2~" 
HSO EVENT 
HSI BIT 0 
SOFTWARE TllAERS 


l- 
SERIAL I/O 


L- 
EXTERNAL INTERRUPT 


270250-19 


Interrupt 
Mask Register 


Individual interrupts can be enabled or disabled by set- 
ting or clearing bits in the interrupt 
mask register 


(INT_MASK-08H). 
The format of this register is the 


same as that of the Interrupt Pending Register shown 
in Figure 22. 


The INT_MASK 
register can be read or written as 


byte register. A one in any bit position will enable the 
corresponding interrupt source and a zero will disable 
the source. The hardware will save any interrupts that 
occur by setting bits in the pending register, even if the 
interrupt mask bit is cleared. The INT_MASK 
regis- 


ter also can be accessed as the lower eight bits of the 
PSW so the PUSHF and POPF instructions save and 
restore the INT_MASK 
register as well as the global 


interrupt lockout and the arithmetic flags. 


The processing of all interrupts 
can be disabled by 


clearing the I bit in the PSW. Setting the I bit will 
enable interrupts that have mask register bits which are 
set. The I bit is controlled by the EI (Enable Interrupts) 
and DI (Disable Interrupts) instructions. Note that the 
I bit only controls the actual servicing of interrupts. 
Interrupts that occur during periods of lockout will be 
held in the pending register and serviced on a priori- 
tized basis when the lockout period ends. 


The priority encoder looks at all of the interrupts which 
are both pending and enabled, and selects the one with 
the highest priority. The priorities are shown in Figure 
20 (7 is highest, 0 is lowest). The interrupt generator 
then forces a call to the location in the indicated vector 
location. This location would be the starting location of 
the Interrupt Service Routine (ISR). 


This priority 
selection controls the order in which 


pending interrupts are passed to the software via inter- 
rupt calls. The software can then implement its own 
priority 
structure 
by controlling 
the mask register 


(INT_MASK). 
To see how this is done, consider the 


case of a serial 110 service routine which must run at a 
priority level which is lower than the HSI data avail- 
able interrupt but higher than any other source. The 
"preamble" and exit code for this interrupt service rou- 
tine would look like this: 


serial_io_isr: 
PUSHF 


LDB 
EI 


Save the PSW 
(Includes INT_MASK) 


INT_MASK,#OOOOOlOOB 


; Enable 
interrupts 
again 


POPF 
RET 


inter 


Note that location 200cH in the interrupt vector table 
would have to be loaded with the value of the label 
serial_io_isr 
and the interrupt 
be enabled for this 
routine to execute. 


There is an interesting chain of instruction side-effects 
which makes this (or any other) 8096 interrupt service 
routine execute properly: 
a) After the hardware decides to proces~ an interrupt, it 


generates and executes a special interrupt-call 
in- 
struction, which pushes the current program counter 
onto the stack and then loads the program counter 
with the contents of the vector table entry corre- 
sponding to the interrupt. The hardware will not al- 
low another interrupt to be serviced immediately fol- 
lowing the interrupt-call. This guarantees that once 
the interrupt-call starts, the first instruction of the 
interrupt service routine will execute. 
b) The PUSHF instruction, which is now guaranteed to 


execute, saves the PSW in the stack and then clears 
the PSW. The PSW contains, in addition to the 
arithmetic flags, the INT _MASK 
register and the 


global disable flag (I). The hardware will not allow 
an interrupt following a PUSHF instruction and, by 
the time the LD instruction starts, all of the inter- 
rupt enable flags will be cleared. Now there is guar- 
anteed execution of the LD INT_MASK 
instruc- 
tion. 
c) The LD INT_MASK 
instruction enables those in- 


terrupts that the programmer chooses to allow to 
interrupt the serial I/O interrupt service routine. In 
this example only the HSI data available interrupt 
will be allowed to do this but any interrupt or combi- 
nation of interrupts could be enabled at this point, 
even the serial interrupt. 
It is the loading of the 


INT_MASK 
register which allows the software to 


establish its own priorities for interrupt servicing in- 
dependently from those that the hardware enforces. 
d) The EI instruction reenables the processing of inter- 


rupts. 
e) The actual interrupt service routine executes within 


the priority structure established by the software. 


t) At the end of the service routine the POPF instruc- 


tion restores the PSW to its state when the interrupt- 
call occurred. The hardware will not allow interrupts 
to be processed following a POPF instruction so the 
execution of the last instruction (RET) is guaranteed 
before further interrupts can occur. The reason that 
this RET instruction must be protected in this fash- 
ion is that it is quite likely that the POPF instruction 
will reenable an interrupt which is already pending. 
If this interrupt 
were serviced before the RET in- 


struction, then the return address to the code that 
was executing when the original interrupt occurred 
would be left on the stack. While this does not pres- 
ent a problem to the program flow, it could result in 
a stack overflow if interrupts are occurring at a high 
frequency. 
The 
POPF 
instruction 
also pops the 


INT_MASK 
register (part of the PSW), so any 


changes made to this register during a routine which 
ends with a POPF will be lost. 


Notice that the "preamble" and exit code for the inter- 
rupt service routine does not include any code for sav- 
ing or restoring registers. This is because it has been 
assumed that the interrupt service routine has been al- 
located its own private set of registers from the on- 
board register file. The availability of some 230 bytes of 
register storage makes this quite practical. 


Interrupt 
service routines must share some data with 
other routines. Whenever the programmer 
is coding 


those sections of code which access these shared pieces 
of data, great care must be taken to ensure that the 
integrity of the data is maintained. Consider clearing a 
bit in the interrupt pending register as part of a non-in- 
terrupt routine: 


LDB 
ANDB 
STB 


AL.INT_PENDING 
AL.#biLmask 
AL.INT_PENDING 


This code works if no other routines are operating con- 
currently, but will cause occasional but serious prob- 
lems if used in a concurrent 
environment. (All pro- 


grams which make use of interrupts must be considered 
to be part of a concurrent environment.) To demon- 
strate this problem, assume that the INTJENDING 
register contains 00001111B and bit 3 (HSO event in- 
terrupt pending) is to be reset. The code does work for 
this data pattern but what happens if an HSI interrupt 
occurs somewhere between the LDB and the STB in- 
structions? Before the LDB instruction INTJEND- 
ING contains OOOOIIIIB and after the LDB instruc- 
tion so does AL. If the HSI interrupt service routine 
executes at this point then 
INT_PENDING 
will 


change toססoo101 lB. The ANDB 
changes AL to 


00000I1IB and the STB changes INT_PENDING 
to 


OOOOOIIIB.It should be 00000011B. This code se- 
quence has manged to generate a false HSI interrupt 
The same basic process can generate an amazing assort- 
ment of problems and headaches. These problems can 
be avoided by assuring mutual exclusion which basical- 
ly means that if more than one routine can change a 
variable, then the programmer must ensure exclusive 
access to the variable during the entire operation on the 
variable. 


In many cases the instruction set of the 8096 allows the 
variable to be modified with a single instruction. The 
code in the above example can be implemented with a 
single instruction. 
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Instructions are indivisible so mutual exclusion is en- 
sured in this case. Changes to the INT_PENDING 
register must be made as a single instruction, since bits 
can be changed in this register even if interrupts are 
disabled. Depending on system configurations, several 
other SFRs might also need to be changed in a single 
instruction for the same reason. 


When variables must be modified without interruption, 
and a single instruction can not be used, the program- 
mer must create what is termed a critical region in 
which it is safe to modify the variable. One way to do 
this is to simply disable interrupts with a DI instruc- 
tion, perforln the modification, and then re-enable in- 
terrupts with an EI instruction. The problem with this 
approach is that it leaves the interrupts enabled even if 
they were not enabled at the start. A better solution is 
to enter the critical region with a PUSHF instruction 
which saves the PSW and also clears the interrupt en- 
able flags. The region can then be terminated with a 
POPF instruction which returns the interrupt enable to 
the state it was in before the code sequence. It should be 
noted that some system configurations might require 
more protection to form a critical region. An example 
is a system in which more than one processor has ac- 
cess to a common resource such as memory or external 
I/O devices. 


Interrupts are not always acknowledged immediately. 
If the interrupt signal does not occur prior to 4 state- 
times before the end of an instruction, the interrupt will 
not be acknowledged until after the next instruction has 
been executed. This is because an instruction is fetched 
and prepared for execution a few state times before it is 
actually executed. 


There are 6 instructions which always inhibit interrupts 
from being acknowledged until after the next instruc- 
tion has been executed. These instructions are: 


EI, DI 
- 
Enable and Disable Interrupts 


POPF, PUSHF- 
Pop and Push Flags 


SIGND 
- 
Prefix to perform signed multiply 
and divide (Note that this is not an 
ASM-96 Mnemonic, but is used for 
signed multiply and divide) 


TRAP 
- 
Software interrupt 


When an interrupt 
is acknowledged, 
the interrupt 


pending bit is cleared, and a call is forced to the loca- 
tion indicated by the specified interrupt vector. This 
call occurs after the completion of the instruction in 
process, except as noted above. The procedure of get- 
ting the vector and forcing the call requires 21 state 
times. If the stack is in external RAM an additional 3 
state times are required. 


The maximum number of state times required from the 
time an interrupt is generated (not acknowledged) until 
the 8096 begins executing code at the desired location is 
the time of the longest instruction, NORML (Normal- 
ize - 
42 state times), plus the 4 state times prior to the 


end of the previous instruction, plus the response time 
(21 to 24 state times). Therefore, the maximum re- 
sponse time is 70 (42 + 4 + 24) state times. This does 
not include the 12 state times required for PUSHF if it 
is used as the first instruction in the interrupt routine or 
additional 
latency 
caused 
by having 
the 
interrupt 


masked or disabled. Refer to Figure 22A, Interrupt Re- 
sponse Time, to visualize an example of worst case sce- 
nario. 
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are expected. Using 'EI' followed immediately by a 
long instruction 
(e.g. MUL, NORML, 
etc.) will in- 


crease the maximum latency by 4 state times, as an 
interrupt cannot occur between EI and the instruction 
following EI. The "01", 
"PUSHF", 
"POPF" 
and 


"TRAP" 
instructions will also cause the same situa- 


tion. Typically the PUSHF, POPF and TRAP instruc- 
tions would only effect latency when one interrupt 
routine is already in process, as these instructions are 
seldom used at other times. 


Two 16-bit timers are available for use on the 8096. The 
first is designated "Timer I", the second, "Timer 2". 
Timer I is used to synchronize events to real time, 
while Timer 2 can be clocked externally and synchro- 
nizes events to external occurrences. 


Timer I is clocked once every eight state times and can 
be cleared only by executing a reset. The only other 
way to change its value is by writing to OOOCHbut this 
is a test mode which sets both timers to OFFFXH and 
should not be used in programs. 


Timer 2 can be incremented by transitions (one count 
each transition, rising and falling) on either T2CLK or 
HSI.1. The multiple functionality of the timer is deter- 
mined by the state of I/O Control Register 0, bit 7 
(IOCO.7). To ensure that all CAM entries are checked 
each count of Timer 2, the maximum transition speed is 
limited to once per eight state times. Timer 2 can be 
cleared by: executing a reset, by setting lOCO.I, by trig- 
gering HSO channel OEH, or by pulling T2RST or 
HSI.O high. The HSO and CAM are described in Sec- 
tion 7 and 8. IOCO.3 and ICOO.5 control the resetting 
of Timer 2. Figure 23 shows the different ways of ma- 
nipulating Timer 2. 


HSONU 


lOCO.! 


Both Timer 1 and Timer 2 can be used to trigger a 
timer overflow interrupt and set a flag in the I/O Status 
Register 1 (IOS1). The interrupts 
are controlled by 


IOC1.2 and IOC1.3 respectively. The flags are set in 
IOS1.5 and IOS1.4, respectively. 


Caution must be used when examining the flags, as any 
access (including Compare and Jump on Bit) of 10SI 
clears bits 0 through 5 including the software timer 
flags. It is, therefore, recommended to write the byte to 
a temporary register before testing bits. The general en- 
abling and disabling of the timer interrupts are con- 
trolled by the Interrupt Mask Register bit O.In all cas- 
es, setting a bit enables a function, while clearing a bit 
disables it. 


The High Speed I/O unit is coupled to the timers in 
that the HSI records the value on Timer 1 when tran- 
sitions occur and the HSO causes transitions to occur 
based on value~ of either Timer 1 or Timer 2. The baud 


Timer 1. There are 4 lines (HSI.O through HSI.3) 
which can be used in this mode and up to a total of 8 
events can be recorded. HSI.2 and HSI.3 are bidirec- 
tional pins which can also be used as HSO.4 and 
HSO.5. The I/O Control Registers (lOCO and lOCI) 
are used to determine the functions of these pins. A 
block diagram of the HSI unit is shown in Figure 24. 


rate generator can use the T2CLK pin as input to its 
counter. a complete listing of the functions of 10SI, 
lOCO,and lOCI are in Section 11. 


The High Speed Input Unit (HSI), can be used to rec- 
ord the time at which an event occurs with respect to 
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There are 4 possible modes of operation for each of the 
HSI pins. The HSI mode register is used to control 
which pins will look for what type of events. The 8-bit 
register is set up as shown in Figure 25. 


High and low levels each need to be held for at least I 
state time to ensure proper operation. The maximum 
input speed is I event every 8 state times except when 
the 8 transition mode is used, in which case it is I 
transition per state time. The divide by eight counter 
can only be zeroed in mid-count by performing a hard- 
ware reset on the 8096BH. The 8X9X counter cannot 
be zeroed. 


HSI.O MODE 


HSl.l 
MODE 


HSI.2 MODE 


HSI.3 MODE 


WHERE EACH 2 - BIT MODE CONTROL FIELD 
DEFINESONE OF 4 POSSIBLE MODES: 


00 
8 POSITIVETRANSITIONS 


01 
EACH POSITIVETRANSITION 


10 
EACH NEGATIVETRANSITION 


11 
EVERYTRANSITION 
(POSITIVE AND NEGATIVE) 


The HSI lines can be individually enabled and disabled 
using bits in lOCO, at location OOI5H.Figure 26 shows 
the bit locations which control the HSI pins. If the pin 
is disabled, transitions will not be entered in the FIFO. 


T2RST --<> •-- 10CO.S 
I~ 
A-----T2 
RESET 


~. 


• _. IOCO.3 


; -- 
10CO.0 


HSI.O 
:>'0-------- 
HSI 


• _. IOCO.2 


r<>"0-------- 
HSI 


HSI.l 
~--------TIMER2 


T2CLK --<> :_. lOCO.? 
CLOCK 


;-- 
IOCO.o4 


HSI.2 --<>"""0-------- 
HSI 


; -- 
IOCO.6 


HSI.3 --<>"""0-------- 
HSI 
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When an HSI event occurs, a 7 X 20 FIFO stores the 16 
bits of Timer I and the 4 bits indicating which pins had 
events. It can take up to 8 state times for this informa- 
tion to reach the holding register. For this reason, 8 
state times must be allowed between consecutive reads 
of HSI_TIME. 
When the FIFO is full, one additional 


event, for a total of 8 events, can be stored by consider- 
ing the holding register part of the FIFO. If the FIFO 
and holding register are full, any additional events will 
not be recorded. 


Interrupts can be generated by the HSI unit in three 
ways; two FIFO related interrupts 
and 0 to I tran- 
sitions on the HSI.O pin. The HSI.O pin can generate 
interrupts even if it is not enabled to the HSI FIFO. 
Interrupts generated by this pin cause a vector through 
location 2008H. The FIFO related interrupts are con- 
trolled by bit 7 of I/O Control Register I, (lOCI. 7). If 
the bit is a 0, then an interrupt will be generated every 
time a value is loaded into the holding register. If it is a 
I, an interrupt will only be generated when the FIFO, 
(independent of the holding register), has six entries in 
it. Since all interrupts 
are rising edge triggered, 
if 


IOCI.7 = I, the processor will not be re-interrupted 
until the FIFO first contains 5 or less records, then 
contains six or more. 


Bits 6 and 7 of the I/O Status register I (IOSI) indicate 
the status of the HSI FIFO. If bit 6 is a I, the FIFO 
contains at least six entries. If bit 7 is a I, the FIFO 
contains at least I entry and the HSI holding register 
has data available to be read. The FIFO may be read 
after verifying that it contains valid data. Caution must 
be used when reading or testing bits in IOSI, as this 
action clears bits 0- 5, including the software and hard- 
ware timer overflow flags. It is best to store the byte 
and then test the stored value. See Section II. 


Reading the HSI is done in two steps. First, the HSI 
Status register is read to obtain the current state of the 
HSI pins and which pins had changed at the recorded 
time. The format of the HSI_ST ATUS Register is 
shown in Figure 27. Second, the HSI Time register is 
read. Reading the Time register unloads one level of the 
FIFO, so if the Time register is read before the Status 
register, the event information in the Status register will 
be lost. The HSI Status register is at location 06H and 
the HSI Time registers are in locations 04H and 05H. 


If the HSI_ TIME register is read without the holding 
register being loaded, the returned value will be indeter- 
minate. Under the same conditions, the four bits in 


HSI_STATUS 
indicating which events have occurred 


will also be indeterminate. 
The four HSI_ST ATUS 
bits which indicate the current state of the pins will 
always return the correct value. 


It should be noted that many of the Status register con- 
ditions are changed by a reset, see Section 13. A com- 
plete listing of the functions of 10SO, 10SI, and lOCI 
can be found in Section II. 


The High Speed Output unit, (HSO), is used to trigger 
events at specific times with minimal CPU overhead. 
These events include: starting an A to D conversion, 
resetting Timer 2, setting 4 software flags, and switch- 
ing 6 output lines (HSO.O through HSO.5). Up to eight 
events can be pending at one time and interrupts can be 
generated whenever any of these events are triggered. 
HSO.4 and HSO.5 are bidirectional pins which can also 
be used as HSI.2 and HSI.3 respectively. Bits 4 and 6 of 
I/O 
Control 
Register 
I, (IOCI.4, 
IOCI.6), 
enable 


HSO.4 and HSO.5 as outputs. 


The HSO unit can generate two types of interrupts. The 
HSO execution interrupt (vector = (2006H)) is gener- 
ated (if enabled) for HSO commands which operate one 
or more of the six output pins. The other HSO inter- 
rupt 
is 
the 
software 
timer 
interrupt 
(vector 
= 


(200BH)) which is generated (if enabled) by any other 
HSO command, 
(e.g. triggering the AID, 
resetting 


Timer 2 or generating a software time delay). 


A block diagram of the HSO unit is shown in Figure 
28. The Content Addressable Memory (CAM) file is 
the center of control. One CAM register is compared 
with the timer values every state time, taking 8 state 
times to compare all CAM registers with the timers. 
This defines the time resolution of the HSO to be 8 
state times (2.0 microseconds at an oscillator frequency 
of 12 MHz). 


HSI Status 
Register 
(HSI_Status) 


LOCATION 
06H 


HSI.O STATUS 


HSI.1 STATUS 


HSI.2STATUS 


HSI.3 STATUS 
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Where for each 2-bitstatus fieldthe lowerbit indicates 
whether or not an event has occurred on this pin at the 
time in HSI_ TIME and the upper bit indicates the cur- 
rent status of the pin. 


Each CAM register is 23 bits wide. Sixteen bits specify 
the time at which the action is to be carried out and 7 
bits specify both the nature of the action and whether 
Timer I or Timer 2 is the reference. The format of the 
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command to the HSO unit is shown in Figure 29. Note 
that bit 5 is ignored for command channels 8 through 
OFH. 


To enter a command into the CAM file, write the 7-bit 
"Command Tag" into location 0006H followed by the 
time at which the action is to be carried out into word 
address 0004H. The typical code would be: 


LDB HSO_COMMAND,#what_to_do 
ADD HSO_TIME,TIMER1,#when_to_do_it 


Writing the time value loads the HSO Holding Register 
with both the time and the last written command tag. 
The command does not actually enter the CAM file 
until an empty CAM register becomes available. 


Commands in the holding register will not execute even 
if their time tag is reached. Commands must be in the 
CAM for this to occur. Commands in the holding regis- 
ter can also be overwritten. Since it can take up to 8 
state times for a command to move from the holding 
register to the CAM, 8 states must be allowed between 
successive writes to the CAM. 


To provide proper synchronization, the minimum time 
that should be loaded to Timer I is Timer 1 + 2. 
Smaller values may cause the Timer match to occur 
65,636 counts later than expected. A similar restriction 
applies if Timer 2 is used. 


Care must be taken when writing the command tag for 
the HSO. If an interrupt occurs during the time be- 
'tween writing the command tag and loading the time 
value, and the interrupt service routine writes to the 
HSO time register, the command tag used in the inter- 
rupt routine will be written to the CAM at both the 
time specified by the interrupt 
routine and the time 


specified by the main program. The command tag from 
the main program will not be executed. One way of 
avoiding this problem would be to disable interrupts 
when writing commands and times to the Hso unit. 
See also Section 4.5. 


CHANNEL: 
0-5 
HSO.O - 
HSO.5 


BIT: 
0 
] 
6 
HSO.O 
AND 
HSO.l 


7 
HSO.2 
AND 
HSO.3 


8-B 
SOFTWARE 
TIMERS 


2 
E 
RESET TIMER2 


3 
F 
START 
A / 
D CONVERSION 


4 
INTERRUPT / 
NO INTERRUPT 


5 
SET /CLEAR 


6 
TIMER 
2/ 
TIMER 
1 


7 
X 


Before writing to the HSO, it is desirable to ensure that 
the Holding Register is empty. If it is not, writing to the 
HSO will overwrite the value in the Holding Register. 
I/O Status Register ° (IOSO) bits 6 and 7 indicate the 
status of the HSO unit. This register is described in 
Section 1I. If ISOO.6 equals 0, the holding register is 
empty and at least one CAM register is empty. If 
IOSO.7 equals 0, the holding register is empty. 


The programmer should carefully decide which of these 
two flags is the best to use for each application. 


All 8 CAM locations of the HSO are compared before 
any action is taken. This allows a pending external 
event to be cancelled by simply writing the opposite 
event to the CAM. However, once an entry is placed in 
the CAM, it cannot be removed until either the speci- 
fied timer matches the written value or the chip is reset. 
If, as an example, a command has been issued to set 
HSO.l when TIMER I = 1234, then entering a second 
command which clears HSO.I when TIMER 1 = 1234 
will result in no operation on HSO. I. Both commands 
will remain in the CAM until TIMER 1 = 1234. 


Internal events are not synchronized to Timer I, and 
therefore cannot be cleared. This includes events on 
HSO channels 8 through F and all interrupts. 
Since 


interrupts are not synchronized it is possible to have 
multiple interrupts at the same time value. 


Timer I is incremented only once every 8 state-times. 
When it is being used as the reference timer for an HSO 
action, the comparator has a chance to look at all 8 
CAM registers before Timer I changes its value. Fol- 
lowing the same reasoning, Timer 2 has been synchro- 
nized to allow it to change at a maximum rate of once 
per 8 state-times. Timer 2 increments on both edges of 
the input signal. 


When using Timer 2 as the HSO reference, caution 
must be taken that Timer 2 is not reset prior to the 
highest value for a Timer 2 match in the CAM. This is 
because the HSO CAM will hold an event pending until 
a time match occurs, if that match is to a time value on 
Timer 2 which is never reached, the event will remain 
pending in the CAM until the part is reset. 


Additional caution must be used when Timer 2 is being 
reset using the HSO unit, since resetting Timer 2 using 
the HSO is an internal event and can therefore happen 
at any time within the eight-state-time window. This 
situation arises when the event is set to occur when 
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Timer 2 is equal to zero. If HSI.O or the T2RST pin is 
used to clear Timer 2, and Timer 2 equal to zero trig- 
gers the event, then the event may not occur. This is 
because HSI.O and T2RST clear Timer 2 asynchro- 
nously, and Timer 2 may then be incremented to one 
before the HSO CAM entry can be read and acted 
upon. This can be avoided by setting the event to occur 
when Timer 2 is equal to one. This method will ensure 
that there is enough time for the CAM entry recogni- 
tion. 


The same asynchronous nature can affect events sched- 
uled to occur at the same time as an internal Timer 2 
reset. These events should be logged into the CAM 
with a Timer 2 value of zero. When using this method 
to make a programmable modulo counter, the count 
will stay at the maximum Timer 2 value only until the 
Reset T2 command is recognized. The count will stay 
at zero for the transition which would have changed the 
count from "N" to zero, and then changed to a one on 
the next transition. 


The HSO can be programmed to generate interrupts at 
preset times. Up to four such "Software Timers" can be 
in operation at a time. As each preprogrammed time is 
reached, the HSO unit sets a Software Timer Flag. If 
the interrupt bit in the command tag was set then a 
Software Timer Interrupt will also be generated. The 
interrupt service routine can then examine 1/0 Status 
register I (IOSl) 
to determine which software timer 
expired and caused the interrupt. When the HSO resets 
Timer 2 or starts an A to D conversion, it can also be 
programmed to generate a software timer interrupt but 
there is no flag to indicate that this has occurred. 


If more than one software timer interrupt occurs in the 
same time frame it is possible that multiple software 
timer interrupts will be generated. 


Each read or test of any bit in 10SI will clear bits 0 
through 5. Be certain to save the byte before testing it 
unless you are only concerned with 1 bit. See also Sec- 
tion 11.5. 


A complete listing of the functions ofIOSO, 10S1, and 
lOCI can be found in Section 11. The Timers are de- 
scribed in Section 5and the HSI is described in Section 6. 


The 8096H can easily interface to analog signals using 
its Analog to Digital Converter and its Pulse-Width- 
Modulated (PWM) output and HSO Unit. Analog in- 
puts are accepted by the 8-input, lO-bit A to D convert- 
er. The PWM and HSO units provide digital signals 
which can be filtered for use as analog outputs. 


A to D conversion is performed on one of the 8 inputs 
at a time using successive approximation with a result 
equal to the ratio of the input voltage divided by the 
analog supply voltage. If the ratio is 1.00, then the re- 
sult will be all ones. The AID converter is available on 
selected members of the MCS-96 family. See Section 14 
for the device selection matrix. 


Each conversion on the 8096BH requires 88 state-times 
(22).losat 12 MHz) independent of the accuracy desired 
or value of input voltage. The 'input voltage must be in 
the range of 0 to VREF, the analog reference and sup- 
ply voltage. For proper operation, VREF (the reference 
voltage and analog power supply) must be held nomi- 
nally at 5V. The AID result is calculated from the for- 
mula: 


It can be seen from this formula that changes in VREF 
or ANGND effect the output of the converter. This can 
be advantageous if a ratiometric sensor is used since 
these sensors have an output that can be measured as a 
proportion of VREF. 


ANGND must be tied to VSS (digital ground) in order 
for the 8096BH to operate properly. This common con- 
nection should be made as close to the chip as possible, 
and using good bulk and high frequency by-pass capaci- 
tors to decouple power supply variations and noise 
from the circuit. Analog design rules call for one and 
only one common connection between analog and digi- 
tal (eturns to eliminate unwanted ground variations. 
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A sample and hold is provided on the AID converter of 
the 8X97BH and 8X95BH. The sampling window is 
open for 4 state times which are included in the 88 
state-time conversion period. The exact timings of the 
AID converter can be found in Section 3 of the Hard- 
ware Design chapter. 


The 8X9X devices do not have a sample and hold, so the 
input voltage must be held constant through the entire 
conversion. The conversion time is 168 state times (42 IJoS 
at 12 MHz) on the 8X9X devices. 


Analog signals can be sampled by anyone 
of the 8 


analog input pins (ACHO through ACH7) which are 
shared with Port O.ACH7 can also be used as an exter- 
nal interrupt if IOCI.1 is set (see Sections 4 and 11). 
The AID Command Register, at location 02H, selects 
which channel is to be converted and whether the con- 
version should start immediately or when the HSO 
(Channel #OFH) triggers it. The AID command regis- 


AID 
Command 
Register 


(LOCATION 
02H) 


ter must be written to for each conversion, even if the 
HSO is used as the trigger. A to D commands are for- 
matted as shown in Figure 30. 


The command register is double buffered so it is possi- 
ble to write a command to start a conversion triggered 
by the HSO while one is still in progress. Care must be 
taken when this is done since if a new conversion is 
started while one is already in progress, the conversion 
in progress is cancelled and the new one is started. 
When a conversion is started, 
the result register is 
cleared. For this reason the result register must be read 
before a new conversion is started or data will be lost. 


Results of the analog conversions are read from the 
AID Result Register at locations 02H and 03H. Al- 
though these addresses are on a word boundary, they 
must be read as individual bytes. Information 
in the 


AID Result register is formatted as shown in Figure 
31. Note that the status bit may not be set until 8 state 


CHANNEL 
II SELECTS 
WHICH 
OF THE 8 ANALOG 
INPUT 


CHANNELS 
IS TO BE CONVERTED 
TO DIGITAL 
FORM; 


GO INDICATES 
WHEN THE CONVERSION 
IS TO BE 
INITIATED 
(GO = 1 MEANS 
START 
NOW, GO =0 
MEANS 
THE CONVERSION 
IS TO BE INITIATED 
BY THE HSO UNIT AT A SPECIFIED 
TIME). 


AID 
RESULT 
REGISTER 


(LOCATION 
03H) 
(LOCATION 
02H) 


AID CHANNEL 
NUMBER 


STATUS 
o = AID CURRENTLY 
IDLE 
1 = CONVERSION 
IN PROCESS 


AID RESULT: 


LEAST 
SIGNIFICANT 
2 BITS 


MOST SIGNIFICANT 
BYTE 


------- 
----- 
---- 
0- 
------------~ 
-- 
-. 
-- ---------J 
.- 


state times before testing it. Information on using the 
HSO is in Section 7. 


8.4 
Pulse Width Modulation 
Output 


(D/A) 


Digital to analog conversion can be done with the Pulse 
Width Modulation output; a block diagram of the cir- 
cuit is shown in Figure 32. The 8-bit counter is incre- 
mented every state time. When it equals 0, the PWM 
output is set to a one. When the counter matches the 
value in the PWM register, the output is switched low. 
When the counter overflows, the output is once again 
switched high. A typical output waveform is shown in 


- 
-c;>- 
- - 
- 
- 
'-' 
.• 


the output is always low. Additionally, the PWM regis- 
ter will only be reloaded from the. temporary 
latch 


when the counter overflows. This means that the com- 
pare circuit will not recognize a new value to compare 
against until the counter has expired the remainder of 
the current 8-bit count. 


The output waveform is a variable duty cycle pulse 
which repeats every 256 state times (64 fJosat 12 MHz). 
Changes in the duty cycle are made by writing to the 
PWM register at location l7H. There are several types 
of motors which require a PWM waveform for most 
efficient operation. Additionally, if this waveform is in- 
tegrated it will produce a DC level which can be 
changed in 256 steps by varying the duty cycle. 


OVERFLOW 


• 
PWM Period 
(XTAL = 12 MHz) = 64 ",S, Frequency 
= 15.625 
KHz 


• 
Duty Cycle 
Programmable 
in 256 Steps 


DUTY 
PWM CONTROL 


CYCLE 
REGISTER 
VALUE 
OUTPUT 
WAVEFORM 


0% 
00 
HI 


LO 


10% 
25 
~~J1 
n 
n 


50% 
128 
HI 
LO 


lIO% 
230 
HI -.J 
U 
U 
LO 


".8'" 
255 


HI 


LO 
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Figure 33. Typical 
PWM Outputs 


inter 


Details about the hardware required for smooth, accu- 
rate D/ A conversion can be found in Section 4 of the 
Hardware 
Design chapter. Typically, some form of 


buffer and integrator are needed to obtain the most use- 
fulness from this feature. 


The PWM output shares a pin with Port 2, pin 5 so 
that these two features cannot be used at the same time. 
IOC1.0 equal to 1 selects the PWM function instead of 
the standard port function. More information on lOCI 
is in Section 11. 


The HSO unit can be used to generate PWM wave- 
forms with very little CPU overhead. If the HSO is not 
being used for other purposes, a 4 line PWM unit can 
be made by loading the on and off times into the CAM 
in sets of 4. The CAM would then always be loaded and 
only 2 interrupts per PWM period would be needed. 
An example of using the HSO in this manner can be 
found AP-248, "Using The 8096". This application 
note is included in the MCS-96 Application 
Notes 


chapter. 


The serial port on the 8096BH has 3 asynchronous and 
one synchronous mode. The asynchronous modes are 
full duplex, meaning they can transmit and receive at 
the same time. The receiver is double buffered so that 
the reception of a second byte can begin before the first 
byte has been read. The port is functionally compatible 


with the serial port on the MCS-51 family ofmicrocon- 
trollers, although the software used to control the ports 
is different. 


Control of the serial port is handled through the Serial 
Port ControVStatus 
Register at location IIH. Figure 


37shows the layout of this register. The details of using it 
to control the serial port will be discussed in Section 9.2. 


Data to and from the serial port is transferred through 
SBUF (rx) and SBUF (tx), both located at 07H. Al- 
though these registers share the same address, they are 
physically separate, with SBUF (rx) containing the data 
received by the serial port and SBUF (tx) used to hold 
data ready for transmission. The program cannot write 
to SBUF (rx) or read from SBUF (tx). 


The baud rate at which the serial port operates is con- 
trolled by an independent baud rate generator. The in- 
puts to this generator can be either the XTALl or the 
T2CLK pin. Details on setting up the baud rate are 
given in Section 9.3. 


Mode 0 is a synchronous mode which is commonly 
used for shift register based I/O 
expansion. In this 


mode the TXD pin outputs a set of 8 pulses while the 
RXD pin either transmits or receives data. Data is 
transferred 8 bits at a time with the LSB first. A dia- 
gram of the relative timing of these signals is shown in 
Figure 34. Note that this is the only mode which uses 
RXD as an output. 


TXD """if """U """if """U """U """U """if """U 


RXD (In) 
~v~~v~r"''v'~U6~v~~v~f'""'''\v~f'""'''\vQf'""'''\v~~ 
-J~~~~~~~~\-J~'--''--''--''--''--''-- 


Although it is not possible to transmit and receive at 
the same time using this mode, two external gates and a 
port pin can be used to time-multiplex the two func- 
tions. An example of multiplexing transmit and receive 
is discussed in Section 6.1 of the Hardware Design 
chapter. 


Mode I is the standard asynchronous communications 
mode. The data frame used in this mode is shown in 
Figure 35. It consists of 10 bits; a start bit (0), 8 data 
bits (LSB first), and a stop bit (1). If parity is enabled, 
(the PEN bit is set to a I), an even parity bit is sent 
instead of the 8th data bit and parity is checked on 
reception. 


Mode 2 is the asynchronous 9th bit recognition mode. 
This mode is commonly used with Mode 3 for multi- 
processor communications. Figure 36 shows the data 
frame used in this mode. It consists of a start bit (0), 9 
data bits (LSB first), and a stop bit (I). When transmit- 
ting, the 9th bit can be set to a one by setting the TB8 
bit in the control register before writing to SBUF (tx). 
The TB8 bit is cleared on every transmission, so it must 
be set prior to writing to SBUF (tx) each time it is 
desired. During reception, the serial port interrupt and 
the Receive Interrupt (RI) bit will not be set unless the 
9th bit being received is set. This provides an easy way 
to have selective reception on a data link. Parity cannot 
be enabled in this mode. 


Mode 3 is the asynchronous 9th bit mode. The data 
frame for this mode is identical to that of Mode 2. The 
transmission differences between Mode 3 and Mode 2 
are that parity can be enabled (PEN = I) and cause the 
9th data bit to take the even parity value. The TB8 bit 
can still be used if parity is not enabled (PEN =0). 
When in Mode 3, a reception always causes an inter- 
rupt, regardless of the state of the 9th bit. The 9th bit is 
stored if PEN = 0 and can be read in bit RB8. If 
PEN = I then RB8 becomes the Receive Parity Error 
(RPE) flag. 


Control of the serial port is done through the Serial 
Port 
Control 
(SP_CON) 
and 
Serial 
Port 
Status 


(SP_STAT) 
registers shown in Figure 37. Writing to 


location IIH accesses SP_CON 
while reading it access 


SP_STAT. 
Note that reads of SP_STAT 
will return 


indeterminate data in the lower 5 bits and writing to the 
upper 3 bits of SP_CON 
has no effect on chip func- 


tionality. The TB8 bit is cleared after each transmission 
and 
both 
TI 
and 
RI 
are 
cleared 
whenever 


SP_STAT 
(not SP_CON) 
is accessed. Whenever the 


TXD pin is used for the serial port it must be enabled 
by setting IOC1.5 to a I. lOCI is discussed further in 
Section 11.3. Information on the hardware connections 
and timing of the serial port is in Section 6 of the Hard- 
ware Design chapter. 


D3 


8-IIlT8 OF DATA 


PROGRAMMABLE.TH 
BIT 
--- 


11·BIT FRAME 


SP_STAT 


(AEADOHLY) 


NOTE: 
TI and RI are cleared when SP_STAT is read. 


M2. Ml 
SPECIFIES 
THE MODE; 


0.0 
z MODE 0 
0.1 
z MODE 1 
1.0= 
MODE 2 
1.1 
= MODE 3 


REN 
ENAIILES 
THE RECEIVE 
FUNCTION; 


T8I 
PROGRAMS 
THE ITH DATA lilT (IF NOT PARITY) 
ON 


TRANSMISSION; 


TI 
IS THE TRANSMIT 
INTERRUPT 
FLAG; 


Rill 
IS THE 9TH DATA BIT RECEIVED 
(IF NOT PARITY). 


RPE 
IS THE PARITY ERROR 
INDICATOR (IF PARITY ACTIVE). 
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In Mode 0, if REN = I, writing to SBUF (tx) will start 
a transmission. Causing a rising edge on REN, or clear- 
ing RI with REN = I, will start a reception. Setting 
REN = ° will stop a reception in progress and inhibit 
further receptions. To avoid a partial or complete unde- 
sired reception, REN must be set to zero before RI is 
cleared. This can be handled in an interrupt environ- 
ment by using software flags or in straight-line code by 
using the Interrupt Pending register to signal the com- 
pletion of a reception. 


In the asynchronous modes, writing to SBUF (tx) starts 
a transmission. A falling edge on RXD will begin a 
reception if REN is set to 1. New data placed in SBUF 
(tx) is held and will not be transmitted until the end of 
the stop bit has been sent. 


In all modes, the RI flag is set after the last data bit is 
sampled approximately in the middle of the bit time. 
Also for all modes, the TI flag is set after the last data 
bit (either 8th or 9th) is sent, also in the middle of the 
bit time. The flags clear when SP_STAT 
is read, but 
do not have to be clear for the port to receiveor trans- 
mit. The serial port interrupt bit is set as a logical OR 
of the RI and TI bits. Note that changing modes will 
reset the Serial Port and abort any transmission or re- 
ception in progress on the channel. 


Baud rates in all modes are determined by the contents 
of a 16-bit register at location OOOEH.This register 
must be loaded sequentially with 2 bytes (least signifi- 
cant byte first). The serial port will not function be- 
tween the loading of the first and second bytes. The 
MSB of this register selects one of two sources for the 
input frequency to the baud rate generator. If it is a 1, 
the frequency on the XTAL 1 pin is selected, if not, the 
external frequency from the T2CLK pin is used. It 
should be noted that the maximum speed of T2CLK is 
one transition every 2 state times, with a minimum pe- 
riod of 16 XTALl cycles. This provides the needed 
synchronization to the internal serial port clocks. 


The unsigned integer represented by the lower 15 bits 
of the baud rate register defines a number B, where B 
has a maximum value of 32767. The baud rate for the 
four serial modes using either XTAL1 or T2CLK as 
the clock source is given by: 


Baud 
XTAL1 frequency 


Mode 0: Rate = 
4 • (B + 1) 
; 
B "" 0 


Mode0: Baud - T2ClK frequency. 
B* 0 
Rate - 
B 
. 


Others: Baud - T2ClK frequency. 
B* 0 
Rate - 
16· B 
. 


Note that B cannot equal 0, except when using XTALI 
in other than mode O. 
. 


Common baud rate values, using XTALI at 12 MHz, 
are shown below. 


Baud Register 
Value 


\ 


Baud 
Rate 
Mode 0 
Others 


9600 
8137H 
8013H 


4800 
8270H 
8026H 


2400 
84E1H 
804DH 


1200 
89C3H 
809BH 


300 
A70FH 
8270H 


The maximum baud rates are 1.5 Mbaud synchronous 
and 
187.5 Kbaud 
asynchronous 
with 
12 MHz 
on 


XTAL1. 


Mode 2 and 3 are provided for multiprocessor commu- 
nications. In Mode 2 if the received 9th data bit is not 
I, the serial port interrupt is not activated. The way to 
use this feature in multiprocessor systems is described 
below. 


When the master processor wants to transmit a block of 
data to one of several slaves, it first sends out an ad- 
dress frame which identifies the target slave. An ad- 
dress frame will differ from a data frame in that the 9th 
data bit is I in an address frame and 0 in a data frame. 
No slave in Mode 2 will be interrupted by a data frame. 
An address frame, however, will interrupt all slaves so 
that each slave can examine the received byte and see if 
it is being addressed. The addressed slave switches to 
Mode 3 to receive the coming data frames, while the 
slaves that were not addressed stay in Mode 2 and go 
on about their business. 


There are five 8-bit I/O ports on the 8096. Some of 
these ports are input only, some are output only, some 


addition to these ports, the HSI/O unit can be used to 
provide extra I/O lines if the timer related features of 
these lines are not needed. 


Input ports connect to the internal bus through an in- 
put buffer. Output ports connect through an output 
buffer to an internal register that hold the bits to be 
output. Bidirectional ports consist of an internal regis- 
ter, an input buffer, and an output buffer. 


Port 0 is an input port which is also used as the analog 
input for the A to D converter. Port I is a quasi-bidi- 
rectional port. Port 2 contains three types of port lines: 
quasi-bidirectional, input and output. The input and 
output lines are shared with other functions in the 
8096BH as shown in Table 4. Ports 3 and 4 are open- 
drain bidirectional ports which share their pins with the 
address/data 
bus. 


Port 
Function 
Alternate 
Controlled 


Function 
by 


P2.0 
Output 
TXD (Serial Port 
IOC1.5 


Transmit) 
P2.1 
Input 
RXD (Serial Port 
N/A 


Receive) 
P2.2 
Input 
EXTINT 
IOC1.1 


(External 
Interrupt) 


P2.3 
Input 
T2CLK (Timer 
IOCO.7 


2 Input) 
P2.4 
Input 
T2RST (Timer 
IOCO.5 


2 Reset) 
P2.5 
Output 
PWM 
IOC1.0 


(Pulse-Width 
Modulation) 


P2.6 
Quasi-Bidirectional 


P2.7 
Quasi-Bidirectional 


Section 2 of the Hardware Design chapter contains ad- 
ditional information on the timing, drive capabilities, 
and input impedances of I/O pins. 


Input ports and pins can only be read. There are no 
output drivers on these pins. The input leakage of these 
pins is in the microamp range. The specific values can 
be found in the data sheet for the device being consid- 
ered. 


In addition to acting as a digital input, each line of Port 
o can be selected to be the input of the A to D converter 
as discussed in Section 8. The pins on Port 0 are tested 


inter 


to have D.C. leakage of 3 microamps or less, as speci- 
fied in the data sheet for the device being considered. 
The capacitance on these pins is approximately 5 pF 
and will instantaneously increase by around 5 pF when 
the pin is being sampled by the A to D converter. 


The 8096BH samples the input to the AID for 4 state 
times at the beginning of the conversion. The 8X9X 
devices sample the A/D pin 10 times during a conver- 
sion. Details on the A to D converter can be found in 
Section 8 of this chapter and in Section 3 of the Hard- 
ware Design chapter. 


Port I, Port 2.6 and Port 2.7 are quasi-bidirectional 
ports. "Quasi-bidirectional" 
means that the port pin 


has a weak internal pullup that is always active and an 
internal pulldown which can be on to output a 0, or off 
to output a I. If the internal pulldown is left off (by 
writing a I to the pin), the pin's logic level can be con- 
trolled by an external pulldown. If the external pull- 
down is on, it will input a 0 to the 8096BH, if it is off, a 
I will be input. From the user's point of view, the main 
difference between a quasi-bidirectional 
port and a 


standard input port is that the quasi-bidirectional port 
will source current if externally pulled low. It will also 
pull itself high if left unconnected. 


In parallel with the weak internal pullup is a much 
stronger internal pullup that is activated for one state 
time when the pin is internally driven from 0 to I. This 
is done to speed up the O-to-I transition time. When 
this pullup is on the pin can typically source 30 milli- 
amps to VSS' 


When the processor writes to the pins of a quasi-bidi- 
rectional port it actually writes into a register which in 
turn drives the port pin. When the processor reads 
these ports, it senses the status of the pin directly. If a 
port pin is to be used as an input then the software 
should write a one to its associated SFR bit, this will 
cause the low-impedance pull-down device to turn off 
and leave the pin pulled up with a relatively high im- 


pedance pullup device which can be easily driven down 
by the device driving the input. 


If some pins of a port are to be used as inputs and some 
are to be used as outputs the programmer should be 
careful when writing to the port. 


Particular care should be exercised when using XOR 
opcodes or any opcode which is a read-modify-write 
instruction. It is possible for a Quasi-Bidirectional Pin 
to be written as a one, but read back as a zero if an 
external device (i.e., a transistor base) is pulling the pin 
below VIH. See the Hardware Design Chapter Section 
2.2 for further details on using the Quasi-Bidirectional 
Ports. 


Output pins include the bus control lines, the HSO 
lines, and some of Port 2. These pins can only be used 
as outputs as there are no input buffers connected to 
them. It is not possible to use immediate logical instruc- 
tions such as XOR PORT2, #OOIIIB to toggle these 
pins. The output currents on these ports is higher than 
that of the quasi-bidirectional ports. 


These pins have two functions. They are either bidirec- 
tional ports with open-drain outputs or System Bus 
pins which the memory controller uses when it is acces- 
ing off-chip memory. If the EA line is low, the pins 
always act as the System Bus. Otherwise they act as bus 
pins only during a memory access. If these pins are 
being used as ports and bus pins, ones must be written 
to them prior to bus operations. 


Accessing Port 3 and 4 as I/O is easily done from inter- 
nal registers. Since the LD and ST instructions require 
the use of internal registers, it may be necessary to first 
move the port information into an internal location be- 
fore utilizing the data. If the data is already internal, 
the LD is unnecessary. For instance, to write a word 
value to Port 3 and 4 ... 


register 
+- 
data 
not 
needed 
if already 
internal 


inter 


To read Port 3 and 4 requires that "ones" be written to the port registers to first setup the input port configuration 
circuit. Note that the ports are reset to this input condition, but if zeroes have been written to the port, then ones 
must be re-written to any pins which are to be used as inputs. Reading Port 3 and 4 from a previously written zero 
condition is as follows ... 


register 
- 
Port 3 and 4 
LD & ST not needed if previously 
written as ones 


When acting as the system bus the pins have strong 
drivers to both VCC and VSS' These drivers are used 
whenever data is being output on the system bus and 
are not used when data is being output by Ports 3 and 
4. Only the pins and input buffers are shared between 
the bus and the ports. The ports use different output 
buffers which are configured as open-drain, and require 
pullup resistors. (open-drain is the MOS version of 
open-collector.) The port pins and their system bus 
functions are shown in Table 5. 


Port Pin 
System 
Bus 
Function 


P3.0 
ADO 


P3.1 
AD1 


P3.2 
AD2 
P3.3 
AD3 
P3.4 
AD4 


P3.5 
AD5 
P3.6 
AD6 
P3.7 
AD7 
P4.0 
AD8 


P4.1 
AD9 


P4.2 
AD10 


P4.3 
AD11 
P4.4 
AD12 


P4.5 
AD13 
P4.6 
AD14 
P4.7 
AD15 


11.0 
STATUS 
AND CONTROL 


REGISTERS 


There are two I/O Control registers, lOCO and lOCI. 
lOCO controls Timer 2 and the HSI lines. lOCI con- 
trols some pin functions, interrupt sources and 2 HSO 
pins. 


Whenever input lines are switched between two sourc- 
es, or enabled, it is possible to generate transitions on 
these lines. This could cause problems with respect to 
edge sensitive lines such as the HSI lines, Interrupt line, 
and Timer 2 control lines. 


lOCO is located at OOI5H. The four HSI lines can be 
enabled or disabled to the HSI unit by setting or clear- 
ing bits in lOCO. Timer 2 functions including clock and 
reset sources are also determined by lOCO. The control 
bit locations are shown in Figure 38. 


o 
HSI.O 
INPUT 
ENABLE 
/ 
DISABLE 


TIt.4ER 2 RESET EACH 
WRITE 


2 
HSI.l 
INPUT 
ENABLE 
/ 
DISABLE 


3 
TIt.4ER 2 
EXTERNAL 
RESET 
ENABLE 
/ 
DISABLE 


4 
HSI.2 
INPUT 
ENABLE 
/ 
DISABLE 


5 
TIt.4ER 2 RESET SOURCE 
HSI.O / 
T2RST 


6 
HSI.3 
INPUT 
ENABLE 
/ 
DISABLE 


7 
TIt.4ER 2 CLOCK 
SOURCE 
HSl.l 
/ 
T2CLK 
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lOCI is used to select some pin functions and enable or 
disable some interrupt sources. Its location is OOI6H. 
Port pin P2.5 can be selected to be the PWM output 
instead of a standard output. The external interrupt 
source can be selected to be either EXTINT (same pin 
as P2.2) or Analog Channel 7 (ACH7, same pin as 
PO.7).Timer I and Timer 2 overflow interrupts can be 
individually enabled or disabled. The HSI interrupt can 
be selected to activate either when there is I FIFO en- 
try or 7. Port pin P2.0 can be selected to be the TXD 
output. HSO.4 and HSO.5 can be enabled or disabled 
to the HSO unit. More information on interrupts is 
available in Section 4. The positions of the lOCI con- 
trol bits are shown in Figure 39. 


There are two 110 Status registers, 10SO and 10S1. 
10SO,located at OOl5H,holds the current status of the 
HSO lines and CAM. The status bits of 10SO are 
shown in Figure 40. 


SELECT PW~ / SELECT P2.5 


EXTERNAL INTERRUPT ACH7 / EXTINT 


TI~ER 1 OVERfLOW INTERRUPT ENABLE / DISABLE 


TI~ER 2 OVERfLOW INTERRUPT ENABLE / DISABLE 


HSO.~ OUTPUT ENABLE / DISABLE 


SELECT TXD/ SELECT P2.0 


HSO.5 OUTPUT ENABLE / DISABLE 


HSI INTERRUPT 
FlrO 
FULL / -HO-L-D-IN-G-R-E-GI-ST-E-R-L-O-AD-E-D 


0 
HSO.O CURRENT STATE 


HSO.l 
CURRENT STATE 


2 
HSO.2 
CURRENT STATE 


.3 
HSO•.3 CURRENT STATE 


~ 
HSO.~ 
CURRENT STATE 


5 
HSO.5 
CURRENT STATE 


6 
CA~ Q!! HOLDING REGISTER IS fULL 


7 
HSO HOLDING REGISTER IS fULL 
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o 
SOfTWARE 
TIMER 0 EXPIRED 


SOfTWARE 
TI~ER 
1 EXPIRED 


SOfTWARE 
TI~ER 2 EXPIRED 


SOfTWARE 
T1~ER .3 EXPIRED 


TIMER 2 HAS OVERfLOW 


TIMER 1 HAS OVERfLOW 


HSI flfO 
IS fULL 


HSI HOLDING REGISTER DATA AVAILABLE 


10SI is located at 016H. It contains status bits for the 
timers and the HSI/O. The positions of these bits are 
shown in Figure 41. 


Whenever the processor reads this register all of the 
time-related flags (bits 5 through 0) are cleared. This 
applies not only to explicit reads such as: 


which jumps to somewhere_else if bit 3 of 10SI is set. 
In most cases this situation can best be handled by hav- 
ing a byte in the register file which is used to maintain 
an image of lower five bits of the register. Any time a 
hardware timer interrupt or a HSO software timer in- 
terrupt occurs the byte can be updated: 


leaving 10SI~mage 
containing all the flags that were 
set before plus all the new flags that were read and 
cleared from 10SI. Any other routine which needs to 
sample the flags can safely check 10SI_image. 
Note 


that if these routines need to clear the flags that they 
have acted on, then the modification of 10SI~mage 
must be done from inside a critical region (see Section 
4.4). 
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The WatchDog Timer (WDT) provides a means to re- 
cover gracefully from a software upset. When the 
watchdog is enabled it will initiate a hardware reset 
unless the software clears it every 64K state times. 


The WDT is implemented as an 8-bit timer with an 
8-bit prescaler. The prescaler is not synchronized, so 
the timer will overflow between 65280 and 65535 state 
times after being reset. When the timer overflows it 
pulls down the RESET pin for at least two state times, 
resetting the 8096BH and any other devices tied to the 
RESET line. If a large capacitor is connected to the 
line, the pin may take a long time to go low. This will 
effect the length of time the pin is low and the voltage 
on the pin when it is finished falling. Section 1.4 of the 
Hardware Design chapter contains more information 
about reset hardware connections. 


The WDT is enabled the first time it is cleared. Once it 
is enabled, it can only be disabled by resetting the 
8096BH. The internal bit which controls the watchdog 
can typically maintain its state through power glitches 
as low as VSSand as high as 7.0V for up to one millisec- 
ond. 


The 8X9X devices do not have the extra glitch protection 
on the WDT enable bit. 


Enabling and clearing the WDT is done by writing a 
"OIEH" followed by a "OEIH" to the WDT register at 
location OAH. This double write is used to help prevent 
accidental clearing of the timer. 


Glitches and noise on the PC board can cause software 
upsets, typically by changing either memory locations 
or the program counter. These changes can be internal 
to the chip or be caused by bad data returning to the 
chip. 


There are both hardware 
and software solutions to 


noise problems, but the best solution is good design 
practice and a few ounces of prevention. The software 
can be designed so that the watchdog times out if the 
program does not progress properly. The watchdog will 
also time-out if the software error was due to ESD 
(Electrostatic 
Discharge) 
or other hardware 
related 


problems. This prevents the controller from having a 
malfunction for longer than 16 milliseconds if a 12 
MHz oscillator is used. 


When using the WDT to protect software it is desirable 
to reset it from only one place in code. This will lessen 
the chance that an undesired WDT reset will occur. 
The section of code that resets the WDT should moni- 
tor the other code sections for proper operation. This 


can be done by checking variables to make sure they 
are within reasonable values. Simply using a software 
timer to reset the WDT every 15 milliseconds will not 
provide much protection against minor problems. 


It is also recommended that unused areas of code be 
filled with NOPs and periodic jumps to an error routine 
or RST (reset chip) instructions. This is particularly 
important in the code around lookup tables, since if 
lookup tables are executed undesired results will occur. 
Wherever space allows, each table should be surround- 
ed by 7 NOPs (the longest 8096 instruction has 7 bytes) 
and a RST or jump to error routine instruction. Since 
RST is a one-byte instruction, the NOPs are not needed 
if RSTs are used instead of jumps to an error routine. 
This will help to ensure a speedy recovery should the 
processor have a glitch in the program flow. Since RST 
instruction has an opcode of OFFH, pulling the data 
lines high with resistors will cause an RST to be execut- 
ed if unimplemented memory is addressed. 


The watchdog should be disabled by software not ini- 
tializing it. If this is not possible, such as during pro- 
gram development, the watchdog can be disabled by 
holding the RESET pin at 2.0V to 2.5V. Voltages over 
2.5V on the pin could quickly damage the part. Even at 
2.5V, using this technique for other than debugging 
purposes is not recommended, as it may effect long 
term reliability. It is further recommended that any 
part used in this way for more than several seconds, not 
be used in production versions of products. Section 1.6 
of the Hardware Design chapter has more information 
on disabling the Watchdog Timer. 


As with all processors, the 8096BH must be reset each 
time the power is turned on. This is done by holding the 
RESET pin low for at least 2 state times after the power 
supply is within tolerance and the oscillator has stabi- 
lized. 


On 8X9X devices the RESET pin must be held low long 
enough for the power supply, oscillator and back-bias 
generator to stabilize. Typically, the back-bias generator 
requires one millisecond to stabilize. 


After the RESET pin is brought high, a ten state reset 
sequence is executed. During this time, the Chip Con- 
figuration Byte (CCB) is read from location 2018H and 
written to the 8096BH Chip~onfiguration 
Register 


(CCR). If the voltage on the EA pin. selects the inter- 


inter 


nal/external execution mode the CCB is read from in- 
ternal ROM/EPROM. 
If the voltage on the EA pin 


selects the external execution only mode the CCB is 
read from external memory. 


The 8096BH can be reset using a capacitor, I-shot, or 
any other method capable of providing a pulse of at 
least 2 state times longer than required for Vcc and the 
oscillator to stabilize. 


For best functionality, it is suggested that the reset pin 
be pulled low with an open collector device. In this 
way, several reset sources can be wire ORed together. 
Remember, the RESET pin itself can be a reset source 
when the RST instruction 
is executed or when the 


Watchdog Timer overflows. Details of hardware sug- 
gestions for reset can be found in Section 1.4 of the 
Hardware Design chapter. 


The I/O lines and control lines of the 8096BH wiIl be 
in their reset state within 2 state times after reset is low, 
with Vcc and the oscillator stabilized. Prior to that 
time, the status of the I/O lines is indeterminate. After 
the 10 state time reset sequence, the Special Function 
Registers will be set as follows: 


Register 
Reset Value 


Port 1 
111111118 


Port 2 
110XXXX18 


Port 3 
111111118 


Port 4 
111111118 


PWM Control 
OOH 


Serial Port (Transmit) 
undefined 


Serial Port (Receive) 
undefined 


8aud Rate Register 
undefined 


Serial Port Control 
XXXXOXXX8 


Serial Port Status 
XOOXXXXX8 


AID Command 
undefined 


AID Result 
undefined 


Interrupt Pending 
undefined 


Interrupt Mask 
000000008 


Timer 1 
OOOOH 


Timer 2 
OOOOH 


Watchdog Timer 
OOOOH 


HSI Mode 
111111118 


HSI Status 
undefined 


10SO 
000000008 


IOS1 
000000008 


lOCO 
XOXOXOX08 


IOC1 
XOXOXXX18 


HSI FIFO 
empty 


HSOCAM 
empty 


HSOlines 
0000008 


PSW 
OOOOH 


Stack Pointer 
undefined 


Program Counter 
2080H 


Pin 
Reset Value 


RD 
high 


WR/WRL 
high 


ALE/ADV 
high 


8HE/WRH 
low 


INST 
high 


ALE (8X9X) 
low 


It is important to note that the Stack Pointer and Inter- 
rupt Pending Register are undefined, and need to be 
initialized in software. The Interrupts are disabled by 
both the mask register and PSW.9 after a reset. 


13.3 
Reset Sync Mode 


The RESET line can be used to start the 8096BH at an 
exact state time to provide for synchronization of test 
equipment and multiple chip systems. RESET is active 
low. To synchronize parts, RESET is brought high on 
the rising edge of XTAL1. Complete details on syn- 
chronizing parts can be found in Section 1.5 of the 
Hardware Design chapter. 


It is very possible that parts which start in sync may 
not stay that way. The best example of this would be 
when a "jump on I/O bit" is being used to hold the 
processor in a loop. If the line changes during the time 
it is being tested, one processor may see it as a one, 
while the other sees it as a zero. The result is that one 
processor will do an extra loop, thus putting it several 
states out of sync with the other. 


On the 48.pin parts the following pins are not bonded 
out: Portl, PortO (Analog In) bits 0-3, T2CLK (P2.3), 
T2RST (P2.4), P2.6, P2.7, CLKOUT, 
INST, NMI, 


BUSWIDTH (TEST on 8X9X devices). 


Symbol 
Name and Function 


Vcc 
Main supply voltage 
(5V). 


Vss 
Digital circuit ground (OV). 


VPD 
RAM standby 
supply voltage 
(5V). This voltage 
must be present during normal operation. 
In 
a Power Down condition 
(Le. Vcc drops to zero), if RESET is activated 
before Vcc drops 
below spec and VPD continues 
to be held within spec .• the top 16 bytes in the Register 
File 
will retain their contents. 
RESET must be held low during the Power Down and should not 
be brought high until Vcc is within spec and the oscillator 
has stabilized. 
See Section 
2.3. 


VREF 
Reference 
voltage for the AID 
converter 
(5V). VREF is also the supply voltage 
to the analog 
portion of the A/D converter 
and the logic used to read Port O. See Section 
B. 


ANGND 
Reference 
ground for the AID converter. 
Should be held at nominally 
the same potential 
as 
Vss. See Section 
B. 


Vpp 
Programming 
voltage for the EPROM parts. It should be + 12.75V when programming 
and 
Vss(BX9X) 
will float to 5V otherwise. 
It should not be above 5.5V on other than EPROM parts. This pin 
is Vss on BX9X parts. Systems that have this pin connected 
to ANGND through 
a 
capacitance 
(required on BX9X parts) do not need to change. 


XTAL1 
Input of the oscillator 
inverter and of the internal Clock generator. 
See Section 
1.5. 


XTAL2 
Output of the oscillator 
inverter. See Section 
1.5. 


CLKOUT 
Output of the internal clock generator. 
The frequency 
of CLKOUT 
is % the oscillator 
frequency. 
It has a 33% duty cycle. See Section 
1.5 


RESET 
Reset input to the chip. Input low for at least 2 state times to reset the chip. The subsequent 
low-to-high 
transition 
re-synchronizes 
CLKOUT 
and commences 
a 1O-state-time 
sequence 
in which the PSW is cleared, 
a byte read from 201 BH loads CCR, and a jump to location 
20BOH is executed. 
Input high for normal operation. 
RESET has an internal pull up. (The 
read from 201 BH is not done on BX9X parts). See Section 
13. 


BUSWIDTH 
Input for buswidth 
selection. 
If CCR bit 1 is a one, this pin selects the bus width for the bus 
TEST(BX9X) 
cycle in progress. 
If BUSWIDTH 
is a 1, a 16-bit bus cycle occurs. 
If BUSWIDTH 
is a 0 an 
B-bit cycle occurs. 
If CCR bit 1 is a 0, the bus is always an B-bit bus. This pin is the TEST pin 
on BX9X parts. Systems with TEST tied to Vcc do not need to change. 
If this pin is left 
unconnected, 
it will rise to Vcc. See Section 2.7. 


NMI 
A positive transition 
causes a vector to external 
memory location 
OOOOH.External 
memory 
from OOHthrough OFFH is reserved 
for Intel development 
systems. 


INST 
Output high during an external 
memory read indicates 
the read is an instruction 
fetch. INST 
is valid throughout 
the bus cycle. 


EA 
Input for memory select (External Access). 
EA equal to a TIL-high 
causes memory 
accesses 
to locations 
2000H through 
3FFFH to be directed 
to on-chip 
ROM/EPROM. 
EA 
~ual 
to a TIL-Iow 
causes accesses 
to these locations 
to be directed 
to off-chip 
mem0.!E 
EA = + 12.5V causes execution 
to begin in the Programming 
mode on EPROM parts. EA 
has an internal 
pulldown, 
so it goes to 0 unless driven otherwise. 


ALE/ADV 
Address 
Latch Enable or Address 
Valid output, as selected 
by CCR. Both pin options 
provide a latch to demultiplex 
the address from the address/data 
bus. When the pin is ADV, 
it goes inactive 
high at the end of the bus cycle. ADV can be used as a chip select for 
external 
memory. ALE/ ADV is activated 
only during external 
memory accesses. 
(The ADV 
function 
is not available 
on BX9X parts). See Section 
2.7. 


RD 
Read signal output to external 
memory. 
RD is activated 
only during external 
memory reads. 


Symbol 
Name and Function 


WR/WRL 
Write and Write Low output to external 
memory, as selected 
by the CCR. WR will go low for 
every external write, while WRL will go low only for external writes where an even byte is 
being written. WR/WRL 
is activated 
only during external 
memory writes. (The WRL function 
is not available 
on BX9X parts). See Section 
2.7. 


BHE/WRH 
Bus High Enable or Write High output to external 
memory, as selected 
by the CCR. BHE = 
o selects the bank of memory that is connected 
to the high byte of the data bus. AO = 0 
selects the bank of memory that is connected 
to the low byte of the data bus. Thus 
accesses 
to a 16-bit wide memory can be to the low byte only (AO = 0, BHE = 1), to the 
high byte only (AO = 1, BHE # = 0), or both bytes (AO = 0, BHE = 0). If the WRH function 
is selected, 
the pin will go low if the bus cycle is writing to an odd memory 
location. 
(The 
WRH function 
is not available 
on BX9X parts). See Section 
2.7. 


READY 
Ready input to lengthen 
external 
memory cycles, for interfacing 
to slow or dynamic 
memory, 


or for bus sharing. If the pin is high, CPU operation 
continues 
in a normal manner. 
If the pin 
is low prior to the falling edge of CLKOUT, 
the Memory Controller 
goes into a wait mode 
until the next positive transition 
in CLKOUT 
occurs with READY high. The bus cycle can be 
lengthened 
by up to 1 !Jos.When the external 
memory is not being used, READY has no 
effect. 
Internal control 
of the number of wait states inserted 
into a bus cycle held not ready 
is available 
through 
configuration 
of CCR. READY has a weak internal 
pullup, so it goes to 1 
unless externally 
pulled low. (Internal control 
of the number of wait states is not available 
on 
BX9X parts). See Section 
2.7. 


HSI 
Inputs to High Speed Input Unit. Four HSI pins are available: 
HSI.O, HSI.1, HSI.2, and HSI.3. 


Two of them (HSI.2 and HSI.3) are shared with the HSO Unit. The HSI pins are also used as 
inputs by EPROM parts in Programming 
mode. See Section 
6. 


HSO 
Outputs from High Speed Output Unit. Six HSO pins are available: 
HSO.O, HSO.1, HSO.2, 
HSO.3, HSO.4, and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the HSI Unit. 
See Section 
7. 


Port 0 
B-bit high impedance 
input-only 
port. These pins can be used as digital inputs and/or 
as 
analog inputs to the on-chip AID converter. 
These pins are also a mode input to EPROM 
parts in the Programming 
mode. See Section 
10. 


Port 1 
B-bit quasi-bidirectional 
I/O port. See Section 
10. 


Port 2 
B-bit multi-functional 
port. Six of its pins are shared with other functions 
in the B096BH, the 
remaining 
2 are quasi-bidirectional. 
These pins are also used to input and output control 
signals on EPROM parts in Programming 
Mode. See Section 
10. 


Ports 3 and 4 
B-bit bi-directionall/O 
ports with open drain outputs. These pins are shared with the 
multiplexed 
address/data 
bus which has strong internal 
pullups. Ports 3 and 4 are also used 
as a command, 
address and data path by EPROM parts operating 
in the programming 
mode. See Sections 
2.7 and 10. 


inter 


The following is a list of pins in alphabetical order. 
Where a pin has two names it has been listed under 
both names, except for the system bus pins, ADO- 
ADI5, which are listed under Port 3 and Port 4. 


Name 
68-Pln 
68-Pln 
48-Pln 


PLCC 
PGA 
DIP 


ACHO/PO.O 
6 
4 
- 


ACH1/PO.1 
5 
5 
- 


ACH2/PO.2 
7 
3 
- 


ACH3/PO.3 
4 
6 
- 


ACH4/PO.4/MOD.0 
11 
67 
43 


ACH5/PO.5/MOD.1 
10 
68 
42 


ACH6/PO.6/MOD.2 
8 
2 
40 


ACH7 IPO.7 IMOD.3 
9 
1 
41 


ALE/ADV 
62 
16 
34 


ANGND 
12 
66 
44 


BHE/WRH 
41 
37 
15 


BUSWIDTH 
(TEST) 
64 
14 
- 


CLKOUT 
65 
13 
- 


EA 
2 
8 
39 


EXTINT IP2.2/PROG 
15 
63 
47 


HSI.O 
24 
54 
3 


HSI.1 
25 
53 
4 


HSI.2/HSO.4 
26 
52 
5 


HSI.3/HSO.5 
27 
51 
6 


HSO.O 
28 
50 
7 


HSO.1 
29 
49 
8 


HSO.2 
34 
44 
9 


HSO.3 
35 
43 
10 


HSO.4/HSI.2 
26 
52 
5 


HSO.5/HSI.3 
27 
51 
6 


INST 
63 
15 
- 


NMI 
3 
7 
- 


PWM/P2.5/PDO 
39 
39 
13 


PALE/P2.1/RXD 
17 
61 
1 


PROG/P2.2/EXTNT 
15 
63 
47 


PVER/P2.0ITXD 
18 
60 
2 


PO.O/ACHO 
6 
4 
- 


PO.1/ACH1 
5 
5 
- 


PO.2/ACH2 
7 
3 
- 


PO.3/ACH3 
4 
6 
- 


P0.41ACH4/MOD.0 
11 
67 
43 


PO.51ACH5/MOD.1 
10 
68 
42 


PO.61 ACH6/MOD.2 
8 
2 
40 


PO. 7I ACH7 IMOD.3 
9 
1 
41 


P1.0 
19 
59 
- 


P1.1 
20 
58 
- 


P1.2 
21 
57 
- 


P1.3 
22 
56 
- 


P1.4 
23 
55 
- 


P1.5 
30 
48 
- 


Name 
68-Pin 
68-Pin 
48-Pin 


PLCC 
PGA 
DIP 


P1.6 
31 
47 
- 


P1.7 
32 
46 
- 


P2.0/TXDINER 
18 
60 
2 


P2.1/RXD/PALE 
17 
61 
1 


P2.2/EXTINT 
15 
63 
47 


P2.3/T2CLK 
44 
34 
- 


P2.4/T2RST 
42 
36 
- 


P2.5/PWM/PDO 
39 
39 
13 


P2.6 
33 
45 
- 


P2.7 
38 
40 
- 


P3.0/ADO 
60 
18 
32 


P3.1/AD1 
59 
19 
31 


P3.2/AD2 
58 
20 
30 


P.3.3/AD3 
57 
21 
29 


P3.4/AD4 
, 
56 
22 
28 


P3.5/AD5 
55 
23 
27 


P3.6/AD6 
54 
24 
26 


P3.7/AD7 
53 
25 
25 


P4.0/AD8 
52 
26 
24 


P4.1/AD9 
51 
27 
23 


P4.2/AD10 
50 
28 
22 


P4.3/AD11. 
49 
29 
21 


P4.4/AD12 
48 
30 
20 


P4.5/AD13 
47 
31 
19 


P4.6/AD14 
46 
32 
18 


P4.7/AD15 
45 
33 
17 


RD 
61 
17 
33 


READY 
43 
35 
16 


RESET 
16 
62 
48 


RXD/P2.1 
17 
61 
1 


SALE/PVER/P2.0 
18 
60 
2 


SPROG/PDO/P2.5 
39 
39 
13 


TXD/P2.0 
18 
60 
2 


T2CLK/P2.3 
44 
34 
- 


T2RST/P2.4 
42 
36 
- 


VBB 
37 
41 
12 


VCC 
1 
9 
38 


VPD 
14 
64 
46 


VREF 
13 
65 
45 


VSS 
68 
10 
11 


VSS 
36 
42 
37 


WR/WRL 
40 
38 
14 


WRH/BHE 
41 
37 
15 


XTAL1 
67 
11 
36 


XTAL2 
66 
12 
35 


The Following pins are not bonded out in the 48-pin 
package: 


PI.O through P1.7, PO.Othrough PO.3,P2.3, P2.4, P2.6, 
P2.7 CLKOUT, INST, NMI, TEST, T2CLK (P2.3), 
T2RST (P2.4). 


17-47 


inter 


The MCS-96 products are available in 48-pin and 68-pin packages, with and without AID, and with and without on- 
chip ROM or EPROM. The MCS-96 numbering system is shown below. Section 14.4 shows the pinouts for the 48- 
and 68-pin packages. The 48-pin version is offered in a Dual-In-Line package while the 68-pin versions come in a 
Plastic Leaded Chip Carrier (PLCe), a Pin Grid Array (PGA) or a Type "B" Leadless Chip Carrier. 


, 


Without 
AID 
With AID 


48 Pin 
C8095BH 
- Ceramic 
DIP 


ROMless 
P8095BH 
- Plastic DIP 


809XBH 
, 
A8096BH 
- Ceramic 
PGA 
A8097BH 
- Ceramic 
PGA 
68 Pin 
N8096BH 
- PLCC 
N8097BH 
- PLCC 


48 Pin 
C8395BH 
- Ceramic 
DIP 


ROM 
P8395BH 
- Plastic DIP 
839XBH 
A8396BH 
- Ceramic 
PGA 
A8397BH 
- Ceramic 
PGA 
68 Pin 
N8396BH 
- PLCC 
N8397BH 
- PLCC 


- 
48 Pin 
C8795BH 
- Ceramic 
DIP 
EPROM 
879XBH 
68 Pin 
A8796BH 
- Ceramic 
PGA 
A8797BH· 
Ceramic 
PGA 


R8796BH 
- Ceramic 
LCC 
R8797BH 
- Ceramic 
LCC 


48 Pin 
C8095-90 
- Ceramic 
DIP 
ROMless 
P8095-90 
- Plastic DIP 
8096 
A8096-90 
- Ceramic 
PGA 
A8097-90 
- Ceramic 
PGA 
68 Pin 
N8096-90 
- PLCC 
N8097 -90 - PLCC 


48 Pin 
C8395-90 
- Ceramic 
DIP 
ROM 
P8395-90 
- Plastic DIP 
8396 
A8396·90 
- Ceramic 
PGA 
A8397-90 
- Ceramic 
PGA 
68 Pin 
N8396-90 
- PLCC 
N8397-90 
- PLCC 


MTBF Calculations· 


3.8 x 
107 Device Hours 
@ 55°C 


1.7 x 107 Device Hours 
@ 70°C 


Device 
Type 
#MOSGates 


839X/879X 
120,000 


809X 
50,000 
'MTBF data was obtained through calculations based upon the actu- 
al average junction temperatures under stress at SS'C and 70'C 
ambient. 


TeASE 
Package 
Type 
8,Ja 
8Jc 


COMM'L 
EXPRESS 


85°C 
100°C 
PGA 
35°C/W 
10°C/W 


85°C 
100°C 
PLCC 
37°C/W 
10°C/W 


LCC 
28°C/W 
- 


Plastic DIP 
38°C/W 
- 


79.75°C 
94.75°C 
Ceramic 
DIP 
26°C/W 
6.5°C/W 


inter 
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on 
0 " 


"1 
"! ": .• N '" ~ :: ""': ~I~I~~ 
,. 


0 
0 
N 5l 5l 
0 
en 
en 
en 
;;: 
;;: 
;;: .. 
> 
> 
~ 
i::I 
:J: 
:J: 
:J: 
:J: 
:J: 
.. 
,,-" 


"- 
........1~1:I: ;::-'" 
'" 
~. ~ ; ~ 
Vi:J: 
.. 
~ 
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/, 


68 


67 


66 


65 


64 


63 


62 


6' 
60 


59 


58 


57 


56 


55 


54 


53 


52 
., 
5' 


'2 '3 14 '5 '6 17 L 
'8 
'9 
20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 
3' 
32 


33 


34 


40 39 38 37 36 35 
•• 


MCSI!>-96 
68 PIN 
LEAoLESSCHIP CARRIER 
TYPE"S" 
(EPROMONLY) 


TOP VIEW 
LOOKINGDOWNON 
COMPONENTSIDE 
OF PC SOARD 


PGA/ 
PLCC 
Description 
PGA/ 
PLCC 
Description 
PGA/ 
PLCC 
Description 
LCC 
LCC 
LCC 


1 
9 
ACH7 /PO.7 /PMOD.3 
24 
54 
AD6/P3.6 
47 
31 
P1.6 


2 
8 
ACH6/PO.6/PMOD.2 
25 
53 
AD7/P3.7 
48 
30 
P1.5 


3 
7 
ACH2/PO.2 
26 
52 
AD8/P4.0 
49 
29 
HSO.1 


4 
6 
ACHO/PO.O 
27 
51 
AD9/P4.1 
50 
28 
HSO.O 


5 
5 
ACH1/PO.1 
28 
50 
AD10/P4.2 
51 
27 
HSO.5/HSI.3 


6 
4 
ACH3/PO.3 
29 
49 
AD11/P4.3 
52 
26 
HSO.4/HSI.2 


7 
3 
NMI 
30 
48 
AD12/P4.4 
53 
25 
HSI.1 


8 
2 
EA 
31 
47 
AD13/P4.5 
54 
24 
HSI.O 


9 
1 
VCC 
32 
46 
AD14/P4.6 
55 
23 
P1.4 


10 
68 
VSS 
33 
45 
AD15/P4.7 
56 
22 
P1.3 


11 
67 
XTAL1 
34 
44 
T2CLK/P2.3 
57 
21 
P1.2 


12 
66 
XTAL2 
35 
43 
READY 
58 
20 
P1.1 


13 
65 
CLKOUT 
36 
42 
T2RST/P2.4 
59 
19 
P1.0 


14 
64 
BUSWIDTH 
37 
41 
BHE/WRH 
60 
18 
TXD/P2.0/PVER/SALE 


15 
63 
INST 
38 
40 
WR/WRL 
61 
17 
RXD/P2.1/PALE 


16 
62 
ALE/ADV 
39 
39 
PWM/P2.5/PDO/SPROG 
62 
16 
RESET 


17 
61 
RD 
40 
38 
P2.7 
63 
15 
EXTINT /P2.2/PROG 


18 
60 
ADO/P3.0 
41 
37 
VPP 
64 
14 
VPD 


19 
59 
AD1/P3.1 
42 
36 
VSS 
65 
13 
VREF 


20 
58 
AD2/P3.2 
43 
35 
HSO.3 
66 
12 
ANGND 


21 
57 
AD3/P3.3 
44 
34 
HSO.2 
67 
11 
ACH4/PO.4/PMOD.0 


22 
56 
AD4/P3.4 
45 
33 
P2.6 
68 
10 
ACH5/PO.5/PMOD.1 


23 
55 
AD5/P3.5 
46 
32 
P1.7 


."""T._ ••• _ ••• _., 
••• _ •... 


OFFH 
255\ 
POWER-OOWN 
RAt.4 
OFOH 
240 


OEFH 
INTERNAL 


239 


REGISTER FILE 
(RAt.4) 


1AH 
26 


FFFFH 
19H 
2S 
STACK POINTER 
STACK POINTER 
EXTERNAL t.4Et.40RY 
18H 
24 
OR I/o 


17H 
PWt.4_CONTROL 
23 


16H 
10Sl 
lOCI 
22 
4000H 


ISH 
10SO 
lOCO 
21 
INTERNAL PROGRAt.4 


14H 
20 
STORAGE ROt.4/EPROt.4 
OR 


13H 
RESERVED 
RESERVED 
19 
EXTERNAL t.4Et.40RY 


2080H 
12H 
18 
RESERVED 
2030H 
- 207FH 
l1H 
SP_STAT 
SP_CON 
17 
SECURITY KEY 
2020H 
- 202FH 
10H 
10 PORT 2 
10 PORT 2 
16 
RESERVED 
201CH-201FH 
OFH 
10 PORT 1 
10 PORT 1 
15 
SELF JUt.4P OPCODE (27H FEH) 
201AH-2018H 
OEH 
10 PORT 0 
BAUD_RATE 
14 
RESERVED 
2019H 
ODH 
TIt.4ER2 (HI) 
13 
CHIP CONFIGURATION BYTE 
2018H 
OCH 
TIt.4ER2 (LO) 
RESERVED 
12 


RESERVED 
2012H - 2017H 
OBH 
TIt.4ERl (HI) 
11 


OAH 
TIt.4ERl (LO) 
WATCHDOG 
10 
INTERRUPT VECTORS 


09H 
INLPENDING 
INLPENDING 


08H 
INLt.4ASK 
INLt.4ASK 
8 
2000H 


07H 
SBUF (RX) 
SBUF (rx) 
7 
PORT 4 
lFFFH 


06H 
HSLSTATUS 
HSO_COt.4t.4AND 
PORT 3 
1FFEH 


OSH 
HSLTIt.4E (HI) 
HSO_ TIt.4E(HI) 
5 
EXTERNAL t.4Et.40RY 


04H 
HSLTIt.4E (LO) 
HSO_TIt.4E (LO) 
4 
L- 


OR I/o 


0100H 


03H 
AD_RESULT 
(HI) 
HSLt.40DE 
INTERNAL RAt.4 
OOFFH 


02H 
AD_RESULT 
(LO) 
AD_COt.4t.4AND 
REGiSTER FILE 
STACK POINTER 


01H 
RO (HI) 
RO (HI) 
SPECIAL FUNCTION REGISTERS 


OOH 
RO (LO) 
RO (LO) 
0 
(WHEN ACCESSED AS DATA t.4Et.40RY) 
OOOOH 


(WHEN READ) 
(WHEN WRITTEN) 


270250-5 


NOTE: 
-Registers 
marked 
by an asterisk 
are not present 
on 8X9X devices 


Mnemonic 
Oper· 
Operation (Note 1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


ADD/ADDB 
2 
D-D+A 
., ., ., ., i - 
ADD/ADDB 
3 
D-B+A 
., ., ., ., i - 
ADDC/ADDCB 
2 
D - 
D+A+C 
J, ., ., ., i 
- 
SUB/SUBB 
2 
D-D-A 
., ., ., ., i 
- 


SUB/SUBB 
3 
D-B-A 
., ., ., ., i - 
SUBC/SUBCB 
2 
D - 
D-A+C-1 
J, ., ., ., i 
- 
CMP/CMPB 
2 
D-A 
., ., ., ., i 
- 
MUL/MULU 
2 
D, D + 2 - 
DO A 
- - - - - 
? 
2 


MUL/MULU 
~ 
D, D + 2 - 
BOA 
- - - - 
- 
? 
2 


MULB/MULUB 
2 
D, D + 1 - 
DO A 
- - - - - 
? 
3 


MULB/MULUB 
3 
D, D + 1 - 
BOA 
- - - - - 
? 
3 


DIVU 
2 
D - 
(D, D + 2)/ A, D + 2 
- 
remainder 
- - - ., i 
- 
2 


DIVUB 
2 
D - 
(D, D + 1)/A, D + 1 
- 
remainder 
- - - ., i - 
3 


DIV 
2 
D - 
(D, D + 2)/ A, D + 2 
- 
remainder 
- - - 
? 
i - 
DIVB 
2 
D - 
(D, D + 1)/A, D + 1 
- 
remainder 
- - - 
? 
i - 
AND/ANDB 
2 
D - 
DandA 
., ., 
0 
0 
- 
- 
AND/ANDB 
3 
D - 
BandA 
., ., 
0 
0 
- 
- 
OR/ORB 
2 
D - 
DorA 
., ., 
0 
0 - - 
XOR/XORB 
2 
D - 
D (excl. or) A 
., ., 
0 
0 
- - 
LD/LDB 
2 
D-A 
- - - - - 
- 
ST/STB 
2 
A-D 
- - - - - 
- 
LDBSE 
2 
D-A;D+1 
- 
SIGN(A) 
- - - - 
- - 
3,4 


LDBZE 
2 
D-A;D+1-0 
- - - - 
- 
- 
3,4 


PUSH 
1 
SP - 
SP - 
2; (SP) - 
A 
- - - - - 
- 
POP 
1 
A - 
(SP); SP - 
SP + 2 
- - - - - 
- 
PUSHF 
0 
SP - 
SP - 
2; (SP) - 
PSW; 
0 
0 
0 
0 
0 
0 
PSW - 
OOOOH 
1- 0 


POPF 
0 
PSW - 
(SP); SP - 
SP + 2; 
1-., ., ., ., ., ., ., 


SJMP 
1 
PC - 
PC + 11-bit offset 
- - - - - - 
5 
LJMP 
1 
PC - 
PC + 16-bit offset 
- - - - - 
- 
5 
BR [indirect] 
1 
PC - 
(A) 
- - - - - - 
SCALL 
1 
SP - 
SP - 
2; (SP) - 
PC; 
- - - 
- - - 
5 
PC - 
PC + 11-bit offset 


LCALL 
1 
SP - 
SP - 
2; (SP) - 
PC; 
- - - - 
- - 
5 
PC - 
PC + 16-bit offset 


RET 
0 
PC - 
(SP); SP - 
SP + 2 
- - - - - 
- 
J (conditional) 
1 
PC - 
PC + 8-bit offset (if taken) 
- - - - - - 
5 
JC 
1 
Jump ifC = 1 
- - - - - 
- 
5 
JNC 
1 
Jump ifC = 0 
- - - - - 
- 
5 
JE 
1 
Jump if Z = 1 
- - - - 
- 
- 
5 


NOTES: 
1. If the mnemonic ends in "B", a byte operation is performed, otherwise a word operation is done. Operands D, B, and A 
must conform to the alignment rules for the required operand type. D and B are locations in the Register File; A can be 
located anywhere in memory. 
2. D, D + 2 are consecutive WORDS in memory; D is DOUBLE-WORD aligned. 
3. D, D + 1 are consecutive BYTES in memory; D is WORD aligned. 
4. Changes a byte to a word. 
5. Offset is a 2's complement number. 


Mnemonic 
Oper- 
Operation (Note 1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


JNE 
1 
JumpifZ 
= 0 
- - - - - - 
5 


JGE 
1 
Jump if N = 0 
- - - - - - 
5 


JLT 
1 
Jump if N = 1 
- - - - - - 
5 


JGT 
1 
Jump if N = 0 and Z = 0 
- - - - - - 
5 


JLE 
1 
Jump if N = 1 or Z = 1 
- - - - - 
- 
5 


JH 
1 
Jump if C = 1 and Z = 0 
- - - - - 
- 
5 


JNH 
1 
Jump if C = 0 or Z = 1 
- - - - - 
- 
5 


JV 
1 
Jump if V = 1 
- - - - - 
- 
5 


JNV 
1 
Jump if V = 0 
- - - - - - 
5 


JVT 
1 
Jump if VT = 1; Clear VT 
- - - - 
0 - 
5 


JNVT 
1 
Jump if VT = 0; Clear VT 
- - - - 
0 
- 
5 


JST 
1 
JumpifST 
= 1 
- - - - - - 
5 


JNST 
1 
Jump if ST = 0 
- - - - - 
- 
5 


JBS 
3 
Jump if Specified Bit = 1 
- - - - - 
- 
5,6 


JBC 
3 
Jump if Specified Bit = 0 
- - - - - - 
5,6 


OJNZ 
1 
0- 
0-1;ifO*Othen 
PC - 
PC + B-bit offset 
- - - - - 
- 
5 


OEC/OECB 
1 
0-0-1 
~ 
~ 
~ 
~ 
i - 
NEG/NEGB 
1 
0-0-0 
~ 
~ 
~ 
~ 
t - 
INC/INCB 
1 
0-0+1 
~ 
~ 
~ 
~ 
i 
- 
EXT 
1 
0- 
0;0 
+ 2 - 
Sign (D) 
~ 
~ 
0 
0 
- 
- 
2 


EXTB 
1 
0-0;0+1 
- 
Sign(O) 
~ 
~ 
0 
0 
- 
- 
3 


NOT/NOTB 
1 
o - 
Logical Not (D) 
~ 
~ 
0 
0 
- 
- 
CLR/CLRB 
1 
0-0 
1 
0 
0 
0 
- 
- 
SHL/SHLB/SHLL 
2 
C - 
msb-----Isb 
- 
0 
~ 
? 
~ 
~ 
i - 
7 


SHRISHRB/SHRL 
2 
0-+ 
msb-----Isb 
-+ 
C 
~ 
? 
~ 
0 
- 
~ 
7 


SHRA/SHRAB/SHRAL 
2 
msb -+ 
msb-----Isb 
-+ 
C 
~ 
~ 
~ 
0 
- 
~ 
7 
SETC 
0 
C-1 
- - 
1 - - 
- 
CLRC 
0 
C-O 
- - 
0 - - 
- 
CLRVT 
0 
VT - 
0 
- - - - 
0 
- 
RST 
0 
PC - 
20BOH 
0 
0 
0 
0 
0 
0 
B 
01 
0 
Disable All Interrupts (I - 
0) 
- - - - - 
- 
EI 
0 
Enable All Interrupts (I - 
1) 
- - - - - 
- 
NOP 
0 
PC-PC+1 
- - - - - 
- 
SKIP 
0 
PC-PC+2 
- - - - - - 
NORML 
2 
Left shift till msb = 1; 0 - 
shift count 
~ 
? 
0 - - - 
7 
TRAP 
0 
SP - 
SP - 
2; (SP) - 
PC 
PC - 
(2010H) 
- - - - - - 
9 


NOTES: 
1. If the mnemonic ends in "S", a byte operation is performed, otherwise a word operation is done. Operands 0, S and A 
must conform to the alignment rules for the required operand type. 0 and B are locations in the Register File; A can be 
located anywhere in memory. 
5. Offset is a 2's complement number. 
6. Specified bit is one of the 2048 bits in the register file. 
7. The "L" (Long) suffix indicates double-word operation. 
8. Initiates a Reset by pulling RESET low. Software should re-initialize all the necessary registers with code starting at 
2080H. 
9. The assembler will not accept this mnemonic. 


DIRECT 
IMMEDIATE 
INDIRECT@ 
INDEXED@ 


NORMAL 
AUTO·INC. 
SHORT 
LONG 


0 
'" 
Z 
0 
e@ 
e@ 
z 
w 
w 
w 
e", 
e", 
w 
0 
C 
0 '" 
w'" 
0 '" 
w'" 
0 '" 
'" 
0 '" 
-", 
'" -", 
2 
a:: 
0 
w 
0 
w 
0 
w 
Ww 
w 
Ww 
0 
w 
Ww 
w 
Ww 
W 
W 
~ 
~ 
~w 
~ 
~ 
~w 
0 
~ 
~2 
~ 
~2 
0 
~ 
~~ 
~ 
~2 
z 
A. 
..•2 
..•2 
A. 
~F 
~F 
A. 
~F 
~F 
2 
0 
0 
m 
",F 
0 
m 
",F 
0 
m 
m 
0 
m 
m 


ARITHMETIC 
INSTRUCTIONS 


ADD 
2 
64 
3 
4 
65 
4 
5 
66 
3 
6111 
3 
7/12 
67 
4 
6/11 
5 
7/12 


ADD 
3 
44 
4 
5 
45 
5 
6 
46 
4 
7/12 
4 
8/13 
47 
5 
7/12 
6 
8/13 


AOOB 
2 
74 
3 
4 
75 
3 
4 
76 
3 
6/11 
3 
7/12 
77 
4 
6/11 
5 
7/12 


AOOB 
3 
54 
4 
5 
55 
4 
5 
56 
4 
7/12 
4 
8/13 
57 
5 
7/12 
6 
8/13 


AODC 
2 
A4 
3 
4 
A5 
4 
5 
A6 
3 
6/11 
3 
7/12 
A7 
4 
6/11 
5 
7/12 


AODCB 
2 
B4 
3 
4 
B5 
3 
4 
B6 
3 
6/11 
3 
7/12 
B7 
4 
6/11 
5 
7/12 


SUB 
2 
68 
3 
4 
69 
4 
5 
6A 
3 
6/11 
3 
7/12 
6B 
4 
6/11 
5 
7/12 


SUB 
3 
48 
4 
5 
49 
5 
6 
4A 
4 
7/12 
4 
8/13 
4B 
5 
7/12 
6 
8/13 


SUBB 
2 
78 
3 
4 
79 
3 
4 
7A 
3 
6/11 
3 
7/12 
7B 
4 
6/11 
5 
7/12 


SUBB 
3 
58 
4 
5 
59 
4 
5 
5A 
4 
7/12 
4 
8/13 
5B 
5 
7/12 
6 
8/13 


SUBC 
2 
A8 
3 
4 
A9 
4 
5 
AA 
3 
6/11 
3 
7/12 
AB 
4 
6/11 
5 
7/12 


SUBCB 
2 
B8 
3 
4 
B9 
3 
4 
BA 
3 
6/11 
3 
7/12 
BB 
4 
6/11 
5 
7/12 


CMP 
2 
88 
3 
4 
89 
4 
5 
8A 
3 
6/11 
3 
7/12 
8B 
4 
6/11 
5 
7/12 


CMPB 
2 
98 
3 
4 
99 
3 
4 
9A 
3 
6/11 
3 
7/12 
9B 
4 
6/11 
5 
7/12 


MULU 
2 
6C 
3 
25 
60 
4 
26 
6E 
3 
27/32 
3 
28/33 
6F 
4 
27/32 
5 
28/33 


MULU 
3 
4C 
4 
26 
40 
5 
27 
4E 
4 
28/33 
4 
29/34 
4F 
5 
28133 
6 
29/34 


MULUB 
2 
7C 
3 
17 
70 
3 
17 
7E 
3 
19/24 
3 
20/25 
7F 
4 
19/24 
5 
20/25 


MULUB 
3 
5C 
4 
18 
50 
4 
18 
5E 
4 
20/25 
4 
21126 
5F 
5 
20/25 
6 
21/26 


MUL 
2 
<2> 
4 
29 
<2> 
5 
30 
<2> 
4 
31/36 
4 
32/37 
<2> 
5 
31/36 
6 
32/37 


MUL 
3 
<2> 
5 
30 
<2> 
6 
31 
<2> 
5 
32/37 
5 
33/38 
(2) 
6 
32/37 
7 
33/38 


MULB 
2 
<2> 
4 
21 
(2) 
4 
21 
<2> 
4 
23/28 
4 
24/29 
(2) 
5 
23/28 
6 
24/29 


MULB 
3 
<2> 
5 
22 
<2> 
5 
22 
<2> 
5 
24/29 
5 
25/30 
<2> 
6 
24/29 
7 
25/30 


DIVU 
2 
8C 
3 
25 
80 
4 
26 
8E 
3 
28/32 
3 
29/33 
'8F 
4 
28/32 
5 
29/33 


DIVUB 
2 
9C 
3 
17 
9D 
3 
17 
9E 
3 
20/24 
3 
21/25 
9F 
4 
20/24 
5 
21/25 


DIV 
2 
<2> 
4 
29 
<2> 
5 
30 
<2> 
4 
32/36 
4 
33137 
<2> 
5 
32/36 
6 
33137 


DIVB 
2 
<2> 
4 
21 
<2> 
4 
21 
<2> 
4 
24/28 
4 
25/29 
<2> 
5 
24/28 
6 
25/29 


NOTES: 
'Long 
indexed 
and Indirect + instructions 
have identical 
opcodes 
with Short 
indexed 
and Indirect 
modes, 
respectively. 
The 
second 
byte 
of instructions 
using 
any Indirect 
or indexed 
addressing 
mode 
specifies 
the exact 
mode 
used. 
If the second 
byte is even, 
use Indirect 
or Short 
indexed. 
If it is odd, use Indirect + or Long indexed. 
In all cases 
the second 
byte of the 


instruction 
always 
specifies 
an even 
(word) 
location 
for the address 
referenced. 


<D Number 
of state times 
shown 
for internal/external 
operands. 


® 
The opcodes 
for signed 
multiply 
and divide 
are the opcodes 
for the 
unsigned 
functions 
with 
an "FE" 
appended 
as a 
prefix. 
@ State times 
shown 
for 16·bit bus. 


AND 


AND 


ANDB 


ANDB 


OR 


ORB 


XOR 


XORB 


LD 


LDB 


ST 


STB 


LDBSE 


LDBZE 


PUSH 


POP 


PUSHF 


POPF 


PUSH 


POP 


PUSHF 


POPF 


In 
QZ 
W 
C 
Q 
In 
ffi 
8 
w 
A. 
A. !; 
o 
0 
m 


INDIRECT@ 


NORMAL 
AUTO-INC. 


INDEXED@ 


SHORT 
LONG 


63 
4 
6/11 


43 
5 
7/12 


73 
4 
6/11 


53 
5 
7/12 


83 
4 
6/11 


93 
4 
6/11 


87 
4 
6/11 


97 
4 
6/11 


A3 
4 
6/11 


B3 
4 
6/11 


C3 
4 
7/11 


C7 
4 
7/11 


BF 
4 
6/11 


AF 
4 
6/11 


CB 
3 
11/15 


CF 
3 
14/18 


STACK OPERATIONS 
(external 
stack) 


C9 
3 
\2 
CA 
2 
15/19 
2 
16120 
CB 
3 


- 
- 
- 
CE 
2 
16/20 
2 
16/20 
CF 
3 


5 
7/12 


6 
8/13 


5 
7/12 


6 
8/13 


5 
7/12 


5 
7/12 


5 
7/12 


5 
7/12 


5 
7/12 


5 
7/12 


5 
8/12 


5 
8/12 


5 
7/12 


5 
7/12 


4 
12116 


4 
14/18 


15/19 
4 


16/20 
4 


JUMPS 
AND CALLS 


~TES 
1 
MNEMONIC 
OPCODE 
BYTES 
STATES 
MNEMONIC 
OPCODE 
BYTES -- 


UMP 
E7 
3 
8 
LCALL 
EF 
3 
13/16<5> 


SJMP 
20-27@ 
2 
8 
SCALL 
28-2F@ 
2 
13/16<5> 


BRII 
E3 
2 
8 
RET 
FO 
I 
12I1~ 


TRAP<ID 
F7 
I 
21/24 


2 
60 
3 


3 
40 
4 


2 
70 
3 


3 
50 
4 


2 
80 
3 


2 
90 
3 


2 
84 
3 


2 
94 
3 


2 
AO 
3 


2 
BO 
3 


2 
CO 
3 


2 
C4 
3 


2 
BC 
3 


2 
AC 
3 


I 
C8 
2 


I 
CC 
2 
o 
F2 
I 
o 
F3 
I 


I 
C8 
2 


I 
CC 
2 


o 
F2 
\ 
o 
F3 
I 


~ 
~ 
Gin 
Gin 
o 
13 
~lnw 
0 
13 
~w 
13 
~~ 
Co) !; 
:c :=E 
Co)!; 
iC :=E !; 
~ _ 
~ 
m t;~ 
~ 
m t;~ 
m t;~ 


LOGICAL 
INSTRUCTIONS 


61 
4 
5 
62 
3 
6/11 
3 
7/12 


41 
5 
6 
42 
4 
7/12 
4 
8/13 


7\ 
3 
4 
72 
3 
6/11 
3 
7/12 


51 
4 
5 
52 
4 
7/12 
4 
8/13 


81 
4 
5 
82 
3 
6/11 
3 
7/12 


91 
3 
4 
92 
3 
6/11 
3 
7/12 


85 
4 
5 
86 
3 
6/11 
3 
7/12 


95 
3 
4 
% 
3 
6/11 
3 
7/12 


DATA TRANSFER 
INSTRUCTIONS 


Al 
4 
5 
A2 
3 
6/11 
3 
7/12 


BI 
3 
4 
B2 
3 
6/1\ 
3 
7/12 


- 
- 
- 
C2 
3 
7/1\ 
3 
8/12 


- 
- 
- 
C6 
3 
7/11 
3 
8/12 


BD 
3 
4 
BE 
3 
6/11 
3 
7/12 


AD 
3 
4 
AE 
3 
6/11 
3 
7/12 


STACK OPERATIONS 
(Internal 
steck) 


C9 
3 
8 
CA 
2 
11/15 
2 
12116 


- 
- 
- 
CE 
2 
14/18 
2 
14/18 


NOTES: 
<D Number 
of state times 
shown 
for internal/external 
operands. 
® The assembler 
does not accept 
this mnemonic. 
@ The least 
significant 
3 bits of the opcode 
are concatenated 
with 
offset 
for the relative 
call or jump. 


@ State times 
for stack 
located 
internul/external. 
® State times 
shown 
for 16-bit bus. 


intJ 


All conditional 
jumps are 2 byte instructions. 
They require 8 state times if the jump is taken, 4 if it is not. (8) 


MNEMONIC 
OPCODE 
MNEMONIC 
OPCODE 
MNEMONIC 
OPCODE 
MNEMONIC 
OPCODE 


JC 
OB 
JE 
OF 
JGE 
06 
JGT 
02 


JNC 
03 
JNE 
07 
JLT 
OE 
JLE 
OA 


JH 
09 
JV 
00 
JVT 
OC 
JST 
08 


JNH 
01 
JNV 
05 
JNVT 
04 
JNST 
00 


These 
instructions 
are 3·byte instructions. 
They require 9 state times if the jump is taken,S 
if it is not.(8) 


BIT NUMBER 


MNEMONIC 
0 
1 
2 
3 
4 
5 
6 
7 


JBC 
30 
31 
32 
33 
34 
35 
36 
37 


JBS 
38 
39 
3A 
3B 
3C 
30 
3E 
3F 


MNEMONIC 


OJNZ 


OPCODE 


EO 


LOOP CONTROL 


BYTES 
3 


STATE 
TIMES 


5/9 STATE TIME (NOT TAKEN/TAKEN)(8) 


MNEMONIC 
OPCODE 
BYTES 
STATES(8) 
MNEMONIC 
OPCODE 
BYTES 
STATES(8) 


OEC 
05 
2 
4 
EXT 
06 
2 
4 


OECB 
15 
2 
4 
EXTB 
16 
2 
4 


NEG 
03 
2 
4 
NOT 
02 
2 
4 


NEGB 
13 
2 
4 
NOTB 
12 
2 
4 


INC 
07 
2 
4 
CLR 
01 
2 
4 


INCB 
17 
2 
4 
CLRB 
11 
2 
4 


INSTR 
WORD 
INSTR 
BYTE 
INSTR 
DBLWD 
STATE 
TIMES(8) 
MNEMONIC 
OP 
B 
MNEMONIC 
OP 
B 
MNEMONIC 
OP 
B 


SHL 
09 
3 
SHLB 
19 
3 
SHLL 
00 
3 
7 + 1 PER SHIFT(?) 


SHR 
08 
3 
SHRB 
18 
3 
SHRL 
OC 
3 
7 + 1 PER SHIFT(?) 


SHRA 
OA 
3 
SHRAB 
1A 
3 
SHRAL 
OE 
3 
7 + 1 PER SHIFT(?) 


MNEMONIC 
OPCODE 
BYTES 
STATES(8) 
MNEMONIC 
OPCODE 
BYTES 
STATES(8) 


SETC 
F9 
1 
4 
01 
FA 
1 
4 


CLRC 
F8 
1 
4 
EI 
FB 
1 
4 


CLRVT 
FC 
1 
4 
NOP 
FO 
1 
4 


RST(6) 
FF 
1 
166 
SKIP 
00 
2 
4 


MNEMONIC 


NORML 


NOTES: 
6. This 
instruction 
takes 
2 states 
to pull RESET 
low, then 
holds 
it low for 2 states 
to initiate 
a reset. 
The reset 
takes 
12 
states, 
at which 
time the program 
restarts 
at location 
2080H. 
If a capacitor 
is tied to RESET, 
the pin may take longer 
to go 
low and may never reach 
the VOL specification. 


7. Execution 
will take at least 8 states, 
even for 0 shift. 
8. State times 
shown 
for 16·bit bus. 


14"9 SFR Summary 


AID 
Result LO (02H) 


STATUS: 


o = A/O 
CURRENTLY 
10LE 
1 = CONVERSION 
IN PROCESS 


x 


A/O 
RESULT: 
LEAST SIGNIFICANT 
2 BITS 


HSI.O MODE 


HSl.l 
MODE 


HSI.2 
MODE 


HSI.3 
MODE 


WHERE EACH 2 - BIT MODE CONTROL 
FIELD 
DEFINES ONE OF 4 POSSIBLE 
MODES: 


00 
8 POSITIVE TRANSITIONS 
01 
EACH POSITIVE TRANSITION 


10 
EACH NEGATIVE TRANSITION 
11 
EVERY TRANSITION 
(POSITIVE 
AND NEGATIVE) 


CHANNEL: 


0-5 
HSO.O - HSO.5 


BIT: 
0 16 
HSO.O AND HSO.l 
7 
HSO.2 
AND HSO.3 


8-B 
SOFTWARE TIMERS 


E 
RESET TlMER2 


3 
F 
START A/D 
CONVERSION 


4 
INTERRUPT / 
NO INTERRUPT 


5 
SET /CLEAR 


6 
TIMER 2/ 
TIMER 1 


7 
X 


~] 


CHANNEL 
H SELECTS WHICH OF THE 8 


1 
ANALOG 
INPUT CHANNELS 
IS TO BE 
CONVERTED TO DIGITAL FORM. 


~ 
- 
GO INDICATES WHEN THE CONVERSION 
IS TO 


BE INITIATED (GO = 1 MEANS START NOW. 
GO = 0 MEANS THE CONVERSION 
IS TO BE 


INITIATED BY THE HSO UNIT AT A SPECIFk%~1~6~'51 


} 


BITl, 
BITO SPECIFY THE MODE 
OO=MODE 
0 
10 = MODE 2 


01 =MODE 
1 
11 = MODE 3 


PEN 
ENABLE THE PARITY FUNCTION 


REN 
ENABLES THE RECEIVE FUNCTION 


TB8 
PROGRAMS THE 9TH DATA BIT 


TI 
IS THE TRANSMIT INTERRUPT FLAG 


RI 
IS THE RECEIVE INTERRUPT FLAG 


R 
5 
E 
A 
o 
RBB 
IS THE 9TH DATA RECEIVED 
(IF NOT PARITY) 
RPE 
IS THE PARITY ERROR INDICATOR 
(IF PARITY ACTIVE) 


Using XTAL1: 


Mode0: Baud _ XTAL1 frequency. B* 0 
Rate - 
4"(B + 1) 
, 


Others: Baud 
XTAll 
frequency 
Rate ~ 
64" (B + 1) 


Using T2CLK: 


Mode0: Baud 
T2CLKfrequency B 
Rate~ 
B 
*0 


Others: Baud 
T2CLKfrequency B 
Rate = 
16"B 
; * 0 


Note that B cannot equal 0, except when using 
XTALl in other than Mode 0. 


HSI.O STATUS 


HSI.l 
STATUS 


HSI.2 
STATUS 


HSI.3 
STATUS 


WHERE FOR EACH 2 - BIT STATUS FIELD THE LOWER 
BIT INOICATES WHETHER OR NOT AN EVENT HAS 
OCCURED ON THIS PIN AND THE UPPER BIT INOICATES 
THE CURRENT STATUS OF THE PIN. 


HSI.O INPUT ENABLE / DISABLE 


TIMER 2 RESET EACH WRITE 


HSI.l 
INPUT ENABLE / DISABLE 


TIMER 2 EXTERNAL RESET ENABLE / DISABLE 


HSI.2 
INPUT ENABLE / DISABLE 


TIMER 2 RESET SOURCE HSI.O / T2RST 


HSI.3 
INPUT ENABLE / DISABLE 


TIMER 2 CLOCK SOURCE HSl.l 
/ T2CLK 


270250-54 


T2RST ~ 
• _. IOCO.5 
I~ 
...0----- T2 RESET 


~. 
• _. 
IOCO.3 


• _. 
IOCO.O 


HSI.O 
J'o-------- 
HSI 


• _. 
IOCO.2 
,-0"-0-------- 
HSI 


HSI.l 
~--------T'MER2 


T2CLK ~ 
: - • IOCO.7 
CLOCK 


• _. 
IOCO.4 


HSI.2 
~ 
"-0-------- 
HSI 


• _. 
IOCO.6 


HSI.3 
~ "-0-------- 
HSI 


270250-55 


1050 (15H) 


0 
HSO.O CURRENT STATE 


HSO.l 
CURRENT STATE 


2 
HSO.2 CURRENT STATE 


3 
HSO.3 CURRENT STATE 


4 
HSO.4 CURRENT STATE 


5 
HSO.5 CURRENT STATE 


6 
CAM QB HOLDING REGISTER IS FULL 


7 
HSO HOLDING REGISTER IS FULL 


270250-56 


SELECT PWM / SELECT P2.5 


EXTERNAL INTERRUPT ACH7 / EXTINT 


TIMER 1 OVERFLOW INTERRUPT ENABLE / DISABLE 


TIMER 2 OVERFLOW' INTERRUPT ENABLE / DISABLE 


HSO.4 OUTPUT ENABLE / DISABLE 


SELECT TXD / SELECT P2.0 


HSO.5 OUTPUT ENABLE / DISABLE 


HSI INTERRUPT 
FIFO FULL / -H-OL-D-IN-G-RE-G-'S-T-E-R 
-L-OA-D-E-D 


Vector 
Location 
Vector 
(High 
(Low 
Priority 


Byte) 
Byte) 


Software 
2011 H 
2010H 
Not Applicable 
Extint 
200FH 
200EH 
7 (Highest) 


Serial Port 
200DH 
200CH 
6 
Software 
200BH 
200AH 
5 


Timers 
HSI.O 
2009H 
2008H 
4 


High Speed 
2007H 
2006H 
3 
Outputs 
HSI Data 
2005H 
2004H 
2 
Available 
AID Conversion 
2003H 
2002H 
1 
Complete 
Timer Overflow 
2001H 
2000H 
o (Lowest) 


1051 (16H) 


0 
SOFTWARE TIMER 0 EXPIRED 


SOFTWARE TIMER 1 EXPIRED 


2 
SOFTWARE TIMER 2 EXPIRED 


3 
SOFTWARE TIMER 3 EXPIRED 


4 
TIMER 2 HAS OVERFLOW 


5 
TIMER 1 HAS OVERFLOW 


6 
HSI FIFO IS FULL 


7 
HSI HOLDING REGISTER DATA AVAILABLE 


270250-58 


RESERVED (Set 
to 
1 for 


compatibility 
with 
future 


parts) 


BUS WIDTH SELEC_T 
_ 


(16- 
BIT BUS/8- 
BIT BUS) 


WRITE STROBE lAODE SELECT 


(WR AND BHE/WRL 
AND WRH) 


ADDRESS VALID STROBE SELECT 


(ALE/ 
ADV) 


(IRCO) 
} INTERNAL READY 


(IRC1) 
CONTROL lAODE 


(LOCO) }PROGRAlA 
LOCK 
(LOC1) 
lAODE 


270250-59 


IRC1 
IRCO 
Description 


0 
0 
Limit to 1 Wait State 


0 
1 
Limit to 2 Wait States 


1 
0 
Limit to 3 Wait States 


1 
1 
Disable Internal Ready Control 


LOC1 
LOCO 
Protection 


0 
0 
Read and Write Protected 


0 
1 
Read Protected 


1 
0 
Write Protected 


1 
1 
No Protection 


PMODE 
Programming 
Mode 


0-4 
Reserved 


5 
Slave Programming 


6-0BH 
Reserved 


OCH 
Auto Programming 
Mode 


ODH 
Program Configuration 
Byte 


OEH-OFH 
Reserved 


P4.7 
P4.6 
Action 


0 
0 
Word Dump 


0 
1 
Data Verify 


1 
0 
Data Program 


1 
1 
Reserved 


Device 
Signature 
Word 


879XBH 
896FH 


839XBH 
896EH 


809XBH 
Undefined 


Port 
Function 
Alternate 
Function 


P2.0 
Output 
TXD (Serial Port Transmit) 


P2.1 
Input 
RXD (Serial Port Receive) 


P2.2 
Input 
EXTINT (External 
Interrupt) 


P2.3 
Input 
T2CLK (Timer 2 Clock) 


P2.4 
Input 
T2RST (Timer 2 Reset) 


P2.5 
Output 
PWM (Pulse Width Modulation) 


lts 


inter 


This chapter of the manual gives a description of each 
instruction recognized by the 8096. The instructions are 
sorted alphabetically by the mnemonic used in the as- 
sembly language for the 8096. A summary of the in- 
struction set is included in Section 14 of the MCS@-96 
Architecture chapter. 


The instruction set descriptions in the following sec- 
tions do not always show the effect on the program 
counter (PC). Unless otherwise specified, all instruc- 
tions increment the PC by the number of bytes in the 
instruction. 


A set of acronyms are used to make the instruction set 
descriptions easier to read, their definitions are listed 
below: 


aa. A two bit field within an opcode which selects the 
basic addressing mode user. This field is only present in 
those opcodes which allow address mode options. The 
encoding of the field is as follows: 


aa 
Addressing 
mode 


00 
Register direct 


01 
Immediate 


10 
Indirect 


11 
Indexed 


The selection between indirect and indirect with auto- 
increment or between short and long indexing is done 
based on the least significant bit of the instruction byte 
which follows the opcode. This type selects the 16-bit 
register which is to take part in the address calculation. 
Since the 8096 requires that words be aligned on even 
byte boundaries this bit would be otherwise unused. 


breg. A byte register in the internal register file. When 
confusion could exist as to whether this field refers to a 
source or a destination register it will be prefixed with 
an "S" or a "0". 


baop. A byte operand which is addressed by any of the 
address modes discussed in Section 3.2 of the MCS-96 
Architecture chapter. 


bitno. A three bit field within an instruction op-code 
which selects one of the eight bits in a byte. 


wreg. A word register in the internal register file. When 
confusion could exist as to whether this field refers to a 
source register or a destination register it will be pre- 
fixed with an "S" or a "D". 


waop. A word operand which is addressed by any of the 
address modes discussed in Section 3.2 of the MCS-96 
Architecture chapter. 


BEA. Extra bytes of code required for the address 
mode selected. 


CEA. Extra state times (cycles) required for the address 
mode selected. 


Flag Settings. The modification to the flag setting is 
shown for each instruction. A checkrnark (v) means 
that the flag is set or cleared as appropriate. A hyphen 
means that the flag is not modified. A one or zero (I) or 
(0) indicates that the flag will be in that state after the 
instruction. An up arrow (i) 
indicates that the in- 
struction may set the flag if it is appropriate but will 
not clear the flag. A down arrow ( J.- ) indicates that the 
flag can be cleared but not set by the instruction. A 
question mark (?) indicates that the flag will be left in 
an indeterminant state after the operation. 


Generic 
Jumps 
and Calls. 
The 
assembler 
for the 
MCS-96 family provides for generic jumps and calls. 
For all of the conditional jump instructions a "B" can 
be substituted for the "J" and the assembler will gener- 
ate a code sequence which is logically equivalent but 
can reach anywhere in the memory. A JH can only 
jump about 128 locations from the current program 
counter; a BH can jump anywhere in memory. In a like 
manner a DR will cause a SJMP or UMP to be gener- 
ated as appropriate and a CALL will cause a SCALL 
or LCALL to be generated. The assembler user's guide 
should be consulted for the algorithms used by the as- 
sembler to convert these generic instructions into actual 
machine instructions. 


Indirect Shifts. The indirect shift operations use regis- 
ters 24 through 255 (18H-OFFH), 
since 0-15 are di- 
rect operators and registers 16 through 23 are Special 
Function Registers. Note that indirect shifts through 
SFRs are illegal operations. 


The maximum shift count is 31 (IFH). 
Count values 
above this will be truncated to the 5 least significant 
bits. 


inter 


Operation: 
The sum of the two word operands is stored into the destination (leftmost) 
operand. 
(DEST) +- (DEST) + (SRC) 


Assembly 
Language 
Format: 
ADD 
DST 
wreg, 
SRC 
waop 


Object Code Format: 
[ 
011001aa 
1 [ 
waop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 4 + CEA 


Operation: 
The Sum of the second and third word operands is stored into the destination 
(leftmost) operand. 
(DEST) +- (SRC1) + (SRC2) 


DST 
SRC1 
SRC2 
Dwreg, Swreg, 
waop 


Object Code Format: 
[ 
010001aa 
1 [ 
waop 
1 [ 
Swreg 
1 [ 
Dwreg 
1 


Bytes: 
3 + BEA 
States: 5 + CEA 


Operation: 
The sum of the two byte operands is stored into the destination (leftmost) 
operand. 
(DEST) ~ 
(DEST) + (SAC) 


Assembly 
Language 
Format: 
ADDB 
DST 
SAC 
breg, 
baop 


Object Code Format: 
[ 
011101aa 
1 [ 
baop 
1 [ 
breg 
1 


Bytes 
2 + SEA 
States: 4 + CEA 


Operation: 
The sum of the second and third byte operands is stored into the destination 
(leftmost) operand. 
(DEST) ~ 
(SAC1) + (SAC2) 


Assembly 
Language 
Format: 
ADDS 
DST 
SAC1 
SAC2 
Dbreg, 
Sbreg, 
baop 


Object Code Format: 
[ 
010101aa 
1 [ 
baop 
1 [ 
Sbreg 
1 [ 
Dbreg 
1 


Bytes: 
3 + SEA 
States 
5 + CEA 


inter 


Operation: 
The sum of the two word operands 
and the carry flag (0 or 1) is stored into the 
destination 
(leftmost) 
operand. 


(DEST) +- (DEST) + (SRC) + C 


DST 
SRC 
wreg, 
waop 


Object Code Format: 
[ 
101001 aa I[ waop 
I[ wreg I 


Bytes: 
2 + BEA 
States: 
4 + BEA 


Z 
ST 


-1- 


Operation: 
The sum of the two byte operands 
and the carry flag (O or 1) is stored into the 
destination 
(leftmost) 
operand. 


(DEST) +- (DEST) + (SRC) + C 


Assembly 
Language 
Format: 
DST 
SRC 
ADDCB 
breg, 
baop 


Object Code Format: 
[ 
101101 aa I[ 
baop I[ breg I 


Bytes. 
2 + BEA 
States: 
4 + CEA 


Z 
ST 


-1- 


inter 


Operation: 
The two word operands are ANDed, the result having a 1 only in those bit 
positions where both operands had a 1, with zeroes in all other bit positions. 
The result is stored into the destination (leftmost) operand. 
(DEST) +- (DEST) AND (SRC) 


DST 
wreg, 
SRC 
waop 


Object Code Format: 
[ 
011OOOaa 1 [ 
waop 
1 [ 
wreg 
1 


. Bytes: 
2 + BEA 
States 
4 + CEA 


Operation: 
The second and third word operands are ANDed, the result having a 1 only in 
those bit positions where both operands had a 1, with zeroes in all other bit 
positions. The result is stored into the destination (leftmost) operand. 
(DEST) +- (SRC1) AND (SRC2) 


Assembly 
Language 
Format: 


AND 
DST 
SRC1 
Dwreg, Swreg, 
SRC2 
waop 


Object Code Format: 
[ 
010000aa 
1 [ 
waop 
1 [ 
Swreg 
1 [ 
Dwreg 
1 


Bytes: 
3 + BEA 
States: 
5 + CEA 


inter 


Operation: 
The two byte operands are ANDed, the result having a 1 only in those bit 
positions where both operands had a 1, with zeroes in all other bit positions. 
The result is stored into the destination (leftmost) operand. 
(DEST) +- (DEST) AND (SRC) 


Assembly 
Language 
Format: 
AN DB 
DST 
breg, 
SRC 
baop 


Object Code Format: 
[ 
011100aa I[ baop I[ breg I 


Bytes: 
2 + BEA 
States: 
4 + CEA 


Operation: 
The second and third byte operands are ANDed, the result having a 1 only in 
those bit positions where both operands had a 1, with zeroes in all other bit 
positions. The result is stored into the destination (leftmost) operand. 
(DEST) +- (SRC1) AND (SRC2) 


DST 
SRC1 
SRC2 
Dbreg, 
Sbreg, 
baop 


Object Code Format: 
[ 
010100aa I[ baop I[ Sbreg I[ Dbreg I 


Bytes: 
3 + BEA 
States: 
5 + CEA 


Operation: 
The execution continues at the address specified in the operand word regis- 
ter. 
PC +- (DEST) 


Object Code Format: 
[ 
11100011 I[ wreg I 


Bytes: 
2 
States: 
8 


Operation: 
The value of the word operand is set to zero. 
(DEST) +- 0 


Object Code Format: 
[ 
00000001 I[ wreg I 


Bytes: 
2 
States: 
4 


Z 
ST 


1 


Operation: 
The value of the byte operand 
is set to zero. 


(DEST) +- 0 


Object Code Format: 
[ 
00010001 
I[ 
breg I 


Bytes: 
2 
States: 
4 


Operation: 
The value of the carry flag is set to zero. 
C+-O 


Object Code Format: 
[ 
11111000 


Bytes: 
1 
States: 
4 


inter 


Operation: 
The value of the overflow-trap 
flag is set to zero. 


VT +- 
0 


Object Code Format: 
[ 
11111100 


Bytes: 
1 
States: 
4 


Operation: 
The source 
(rightmost) 
word operand 
is subtracted 
from the destination 
(left- 


most) word operand. 
The flags are altered 
but the operands 
remain 
unaffect- 


ed. The carry flag is set as complement 
of borrow. 


(DEST) - 
(SAC) 


DST 
SRC 
wreg, 
waop 


Object Code Format: 
[ 
100010aa 
I[ waop I[ wreg I 


Bytes: 
2 + BEA 
States: 
4 + CEA 


Operation: 
The source 
(rightmost) 
byte operand 
is subtracted 
from the destination 
(left- 


most) byte operand. 
The flags are altered but the operands 
remain unaffected. 


The carry flag is set as complement 
of borrow. 


(DEST) - 
(SAC) 


Assembly 
Language 
Format: 
CMPB 
DST 
breg, 


SRC 
baop 


Object Code Format: 
[ 
10011 Oaa 
1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2 + BEA 
States: 
4 + CEA 


Operation: 
The value of the word operand 
is decremented 
by one. 


(DEST) 
+- 
(DEST) - 
1 


Object Code Format: 
[ 
00000101 
1 [ 
wreg 
1 


Bytes: 
2 
States: 
4 


Operation: 
The value of the byte operand is decremented by one. 
(DEST) +- (DEST) - 
1 


Object Code Format: 
[ 
00010101 I[ breg I 


Bytes: 
2 
States: 
4 


Operation: 
Interrupts are disabled. Interrupt-calls will not occur after this instruction. 
Interrupt Enable (PSW.9) +- 0 


Object Code Format: 
[ 
11111010 


Bytes: 
1 
States: 
4 


inter 


Operation: 
This instruction 
divides the contents 
of the destination 
LONG-INTEGER 
oper- 
and by the contents 
of the INTEGER 
word operand, 
using signed 
arithmetic. 
The low order word of the destination 
(i.e., the word with the lower address) 
will contain 
the quotient; 
the high order word will contain 
the remainder. 


(low word DEST) 
~ 
(DEST) / (SRC) 
(high word DEST) 
~ 
(DEST) MOD (SRC) 
The above two statements 
are performed 
concurrently. 


DST 
Ireg, 


SRC 
waop 


Object Code Format: 
[ 
11111110 
1 [ 
100011aa 
1 [ 
waop 
1 [ 
Ireq 
1 


Bytes: 
2 + BEA 
States: 
29 + CEA 


Operation: 
This instruction 
divides the contents 
of the destination 
INTEGER 
operand 
by 
the contents 
of the source 
SHORT-INTEGER 
operand, 
using signed arithme- 
tic. The low order byte of the destination 
(i.e. the byte with the lower address) 
will contain 
the quotient; 
the high order byte will contain 
the remainder. 


(low byte DEST) 
~ 
(DEST) / (SRC) 


(high byte DEST) 
~ 
(DEST) MOD (SRC) 
The above two statements 
are performed 
concurrently. 


DST 
SRC 
wreg. 
baop 


Object Code Format: 
[ 
11111110 
1 [ 
100111 aa 
1 [ 
baop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 
21 + CEA 


Operation: 
This instruction 
divides 
the content 
of the destination 
DOUBLE-WORD 
oper- 


and by the contents 
of the source WORD operand, 
using unsigned 
arithmetic. 


The low order word will contain the quotient; 
the high order WORD will contain 


the remainder. 


(low word DEST) +- (DEST) / (SRC) 
(high word DEST) +- (DEST) MOD (SRC) 
The above two statements 
are performed 
concurrently. 


DST 
Ireg, 


SRC 
waop 


Object Code Format: 
[ 
100011 aa I[ waop I[ 
Ireq I 


Bytes: 
2 + BEA 
States: 
25 + CEA 


Operation: 
This instruction 
divides the contents 
of the destination 
WORD operand 
by the 


contents 
of the 
source 
BYTE 
operand, 
using 
unsigned 
arithmetic. 
The 
low 


order byte of the destination, 
(Le., the byte with the lower address) 
will contain 


the quotient; 
the high order byte will contain 
the remainder. 


(low byte DEST) +- 
(DEST) / (SRC) 


(high byte DEST) +- 
(DEST) MOD (SRC) 


The above two statements 
are performed 
concurrently. 


DST 
wreg, 


SRC 
baop 


Object Code Format: 
[ 
100111 aa I[ 
baop I[ wreg I 


Bytes: 
2 + BEA 
States: 
17 + CEA 


Operation: 
The value of the byte operand is decremented by 1. If the result is not equal to 
0, the distance from the end of this instruction to the target label is added to 
the program counter, effecting the jump. The offset from the end of this in- 
struction to the target label must be in the range of - 128 to + 127. If the 
result of the decrement is zero then control passes to the next sequential 
instruction. 
(COUNT) .- 
(COUNT) - 
1 
if (COUNT) < > 0 then 
PC .- 
PC + disp (sign-extended to 16 bits) 
end_if 


Bytes: 
States: 


3 
Jump Not Taken: 
5 
Jump Taken: 
9 


Operation: 
Interrupts are enabled following the execution of the next statement. Interrupt- 
calls cannot occur immediately following this instruction. 
Interrupt Enable (PSW.9) .- 
1 


Object Code Format: 
[ 
11111011 


Bytes: 
1 


States: 
4 


Operation: 
The low order word of the operand 
is sign-extended 
throughout 
the high order 


word of the operand. 


if (low word DESn 
< BOOOHthen 
(high word DEST) 
- 
0 
else 
(high word DESn 
- 
OFFFFH 
end_if 


Object Code Format: 
[ 
00000110 
1 [ 
Ireg 
1 


Bytes: 
2 
States: 
4 


Operation: 
The low order byte of the operand 
is sign-extended 
throughout 
the high order 


byte of the operand. 


if (low byte DEST) < BOH then 
(high byte DEST) 
- 
0 
else 
(high byte DESn 
- 
OFFH 
end_if 


Object Code Format: 
[ 
00010110 
1 [ 
wreg 
1 


Bytes: 
2 
States: 
4 


Operation: 
The value of the word operand is incremented by 1. 
(DEST) +- (DEST) + 1 


Object Code Format: 
[ 
00000111 l [ wreg l 


Bytes: 
2 
States: 
4 


Operation: 
The value of the byte operand is incremented by 1. 
(DEST) +- (DEST) + 1 


Object Code Format: 
[ 
00010111 l[ breg l 


Bytes: 
2 
States: 
4 


Operation: 
The specified 
bit is tested. 
If it is clear (Le., 0), the distance 
from the end of this 
instruction 
to the target 
label is added 
to the program 
counter, 
effecting 
the 
jump. The offset from the end of this instruction 
to the target 
label must be in 
the range of -128 
to "\-127. If the bit is set (Le., 1), control 
passes to the next 
sequential 
instruction. 


if (specified 
bit) = 0 then 
PC 
- 
PC + disp (sign-extened 
to 16 bits) 


Object Code Format: 
[ 
0011 Obbb I [ 
breg 
I [ disp 
I 
where 
bbb is the bit number within the specified 
register. 


Bytes: 
States: 
3 


Jump Not Taken: 
5 
Jump Taken: 
9 


inter 


Operation: 
The specified bit is tested. If it is set (Le., 1), the distance from the end of this 
instruction to the target label is added to the program counter, effecting the 
jump. The offset from the end of this instruction to the target label must be in 
the range of -128 
to + 127. If the bit is clear (Le., 0), control passes to the 


next sequential instruction. 
if (specified bit) = 1 then 
PC +- PC + disp (sign-extended to 16 bits) 


Object Code Format: 
[ 
00111bbb 
1[ 
breg 
1 [ 
disp 
1 
where bbb is the bit number within the specified register. 


Bytes: 
States: 


3 
Jump Not Taken: 
5 
Jump Taken: 
9 


Operation: 
If the carry flag is set (Le., 1), the distance from the end of this instruction to 
the target label is added to the program counter, effecting the jump. The offset 
from the end of this instruction to the target label must be in the range of 
-128 
to + 127. If the carry flag is clear (Le., 0), control passes to the next 


sequential instruction. 
if C = 1 then 
PC +- PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 


2 
Jump Not Taken: 
4 
Jump Taken: 
8 


inter 


Operation: 
If the zero flag is set (Le., 1),the distance from the end of this instruction to the 
target label is added to the program counter, effecting the jump. The offset 
from the end of this instruction to the target label must be in the range of 
-128 to + 127. If the zero flag is clear (Le., 0), control passes to the next 
sequential instruction. 
if Z = 1 then 
PC .- 
PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 
2 
Jump Not Taken: 
4 
Jump Taken: 
8 


Operation: 
If the negative flag is clear (Le.,0), the distance from the end of this instruction 
to the target label is added to the program counter, effecting the jump. The 
offset from the end of this instruction to the target label must be in the range 
of -128 to + 127.If the negative flag is set (Le.,1),control passes to the next 
sequential instruction. 
if N = 1 then 
PC .- 
PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 


2 
Jump Not Taken: 
4 
Jump Taken: 
8 


inter 


Operation: 
If both the negative 
flag and the zero flag are clear (Le., 0), the distance 
from 


the end of this instruction 
to the target 
label is added to the program 
counter, 


effecting 
the jump. 
The offset 
from the end of this instruction 
to the target 


label must be in the range of - 128 to + 127. If either the negative 
flag or the 


zero flag are set (Le., 1,) control 
passes 
to the next sequential 
instruction. 


if N = 0 AND Z = 0 then 
PC 
~ 
PC + disp (sign-extended 
to 16 bits) 


Bytes: 
States: 
2 
Jump Not Taken: 
4 
Jump Taken: 
8 


Operation: 
If the carry flag is set (Le., 1), but the zero flag is not, the distance 
from the end 


of this instruction 
to the target label is added to the program 
counter, 
effecting 


the jump. The offset from the end of this instruction 
to the target label must be 


in the range of -128 
to + 127. If either the carry flag is clear or the zero flag is 


set, control 
passes 
to the next sequential 
instruction. 


if C = 1 AND Z = 0 then 
PC 
~ 
PC + disp (sign-extended 
to 16 bits) 


Bytes: 
States: 


2 
Jump Not Taken: 
4 
Jump Taken: 
8 


Operation: 
If either the negative flag or the zero flag are set (Le., 1), the distance from the 
end of this instruction to the target label is added to the program counter, 
effecting the jump. The offset from the end of this instruction to the target 
label must be in the range of -128 to + 127.If both the negative flag and the 
zero flag are clear (Le., 0), control passes to the next sequential instruction. 
if N = 1 OR Z = 1 then 
PC +- PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 


2 
Jump Not Taken: 
4 
Jump Taken: 
8 


Operation: 
If the negative flag is set (Le., 1), the distance from the end of this instruction 
to the target label is added to the program counter, effecting the jump. The 
offset from the end of this instruction to the target label must be in the range 
of -128 to + 127. If the negative flag is clear (Le., 0), control passes to the 
next sequential instruction. 
if N = 1 then 
PC +- PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 
2 
Jump Not Taken: 
4 
Jump Taken: 
8 


inter 


Operation: 
If the carry flag is clear (Le.,0), the distance from the end of this instruction to 
the target label is added to the program counter, effecting the jump. The offset 
from the end of this instruction to the target label must be in the range of 
-128 
to + 127. If the carry flag is set (Le., 1), control passes to the next 


sequential instruction. 
if C = 0 then 
PC +- PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 
2 
Jump NotTaken: 
4 
Jump Taken: 
8 


Operation: 
If the zero flag is clear (Le.,0), the distance from the end of this instruction to 
the target label is added to the program counter, effecting the jump. The offset 
from the end of this instruction to the target label must be in the range of 
-128 
to +127. If the zero flag is set (Le., 1), control passes to the next 


sequential instruction. 
if Z = 0 then 
PC +- PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 
2 
Jump Not Taken: 
4 
Jump Taken: 
8 


inter 


Operation: 
If either the carry flag is clear (i.e., 0), or the zero flag is set (i.e., 1), the 
distance from the end of this instruction to the target label is added to program 
counter, effecting the jump. The offset from the end of this instruction to the 
target label must be in the range of -128 to + 127.If the carry flag is set (i.e., 
1) and the zero flag is not, control passes to the next sequential instruction. 
if C = 0 OR Z = 1 then 
PC +- PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 


2 
Jump Not Taken: 
4 
Jump Taken: 
8 


Operation: 
If the sticky bit flag is clear (i.e., 0), the distance from the end of this instruction 
to the target label is added to the program counter, effecting the jump. The 
offset from the end of this instruction to the target label must be in the range 
of -128 to + 127.If the sticky bit flag is set (i.e., 1),control passes to the next 
sequential instruction. 
if ST = 0 then 
PC +- PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 


2 
Jump Not Taken: 
4 
Jump Taken: 
8 


Operation: 
If the overflow flag is clear (Le.,0), the distance from the end of this instruction 
to the target label is added to the program counter, effecting the jump. The 
offset from the end of this instruction to the target label must be in the range 
of -128 
to + 127. If the overflow flag is set (Le., 1), control passes to next 
sequential instruction. 
if V = 0 then 
PC +- PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 


2 
Jump Not Taken: 
4 
Jump Taken: 
8 


Operation: 
If the overflow trap flag is clear (Le., 0), the distance from the end of this 
instruction to the target label is added to the program counter, effecting the 
jump. The offset from the end of this instruction to the target label must be in 
the range of -128 to + 127. If the overflow trap flag is set (Le., 1), control 
passes to the next sequential instruction. The VT flag is cleared. 
if VT = 0 then 
PC +- PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 


2 
Jump Not Taken: 
4 
Jumps Taken: 
8 


Operation: 
If the sticky bit flag is set (Le., 1), the distance from the end of this instruction 
to the target label is added to the program counter, effecting the jump. The 
offset from the end of this instruction to the target label must be in the range 
of -128 
to + 127. If the sticky bit flag is clear (Le., 0), control passes to the 


next sequential instruction. 
if ST = 1 then 
PC - 
PC + disp (sign-extended to 16 bits) 


Object Code Format: 
[ 
11011000 
1 [ 
disp 
1 


Bytes: 
2 
State: 
Jump Not Taken: 
4 


Jump Taken: 
8 


Operation:- 
If the overflow is set (Le., 1), the distance from the end of this instruction to the 
target label is added to the program counter, effecting the jump. The offset 
from the end of this instruction to the target label must be in the range of 
--128 to + 127. If the overflow flag is clear (Le.,0), control passes to the next 
sequential instruction. 
if V = 1 then 
PC - 
PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 
2 
Jump Not Taken: 
4 
Jump Taken: 
8 


inter 


Operation: 
If the overflow trap flag is set (Le., 1), the distance from the end of this instruc- 
tion to the target label is added to the program counter, effecting the jump. 
The offset from the end of this instruction to the target label must be in the 
range of -128 
to + 127. If the overflow trap flag is clear (Le., 0), control 


passes to the next sequential instruction. The VT flag is cleared. 
if VT = 1 then 
PC - 
PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 


2 
Jump Not Taken: 
4 
Jump Taken: 
8 


Operation: 
The contents of the program counter (the return address) is pushed onto the 
stack. Then the distance from the end of this instruction to the target label is 
added to the program counter, effecting the call. The operand may be any 
address in the entire address space. 


SP - 
SP - 
2 


(SP) - 
PC 
PC - 
PC + disp 


Bytes: 
States: 
Onchip stack: 
Offchip stack: 


inter 


Operation: 
The value of the source (rightmost) 
word operand 
is stored into the destination 


(leftmost) 
operand. 


(DEST) +- (SRC) 


DST 
wreg, 
SRC 
waop 


Object Code Format: 
[ 
101 oooaa 
1 [ 
waop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 
4 + CEA 


Operation: 
The value of the source (rightmost) 
byte operand 
is stored into the destination 


(leftmost) 
operand. 


(DEST) +- (SRC) 


DST 
SRC 
breg, 
baop 


Object Code Format: 
[ 
1011 ooaa 
1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2 + BEA 
States: 
4 + CEA 


Operation: 
The value of the source 
(rightmost) 
byte operand 
is sign-extended 
and stored 
into the destination 
(leftmost) 
word operand. 


(low byte DEST) +- (SRC) 
if (SRC) < 80H then 
(high byte DEST) +- 0 
else 
(high byte DEST) +- OFFH 
end_if 


DST 
wreg, 
SRC 
baop 


Object Code Format: 
[ 
101111 aa 
1 [ 
baop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 
4 + CEA 


Operation: 
The value of the source 
(rightmost) 
byte operand 
is zero-extended 
and stored 
into the destination 
(leftmost) 
word operand. 


(low byte DEST) +- (SRC) 
(high byte DEST) +- 0 


Assembly 
Language 
Format: 
DST 
SRC 
LDBZE 
wreg, 
baop 


Object Code Format: 
[ 
101011 aa 
1 [ 
baop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 
4 + CEA 


Operation: 
The distance 
from the end of this instruction 
to the target label is added to the 
program 
counter, 
effecting 
the jump. The operand 
may be any address 
in the 
entire address 
space. 


PC 
- 
PC + disp 


Object Code Format: 
[ 
11100111 
I[ disp-Iow 
I[ disp-hi 
I 


Bytes: 
3 
States: 
8 


Operation: 
The two INTEGER 
operands 
are multiplied 
using signed arithmetic 
and the 32- 
bit result 
is stored 
into the destination 
(leftmost) 
LONG-INTEGER 
operand. 
The sticky bit flag is undefined 
after the instruction 
is executed. 


(DEST) 
- 
(DEST)' 
(SRC) 


DST 
Ireg, 
SRC 
waop 


Bytes: 
States 
3 + BEA 
29 + CEA 


Operation: 
The second and third INTEGER operands are multiplied using signed arithme- 
tic and the 32-bit result is stored into the destination (leftmost) LONG INTE· 
GER operand. The sticky bit flag is undefined after the instruction is executed. 
(DEST) +- (SRC1) • (SRC2) 


DST 
SRC1 
Ireg, 
wreg, 
SRC2 
waop 


Object Code Format: 
[ 
11111110 I[ 010011aa I[ waop I[ wreg I[ Ireg I 


Bytes: 
4 + BEA 
States: 
30 + CEA 


Operation: 
The two SHORT-INTEGER operands are multiplied using signed arithmetic 
and the 16-bit result is stored into the destination (leftmost) INTEGER oper- 
and. The sticky bit flag is undefined after the instruction is executed. 
(DEST) +- (DEST) • (SRC) 


DST 
SRC 
wreg, 
baop 


ObJectCodeFormat: 
[ 
11111110 I[ 011111aa I[ baop I[ wreg I 


Bytes: 
3 + BEA 
States: 
21 + CEA 


Operation: 
The second 
and third SHORT-INTEGER 
operands 
are multiplied 
using signed 


arithmetic 
and the 16-bit result is stored 
into the destination 
(leftmost) 
INTE- 


GER operand. 
The sticky bit flag is undefined 
after the instruction 
is executed. 


(DEST) +- (SRC1) 
• (SRC2) 


DST 
wreg, 


SRC1 
breg 
SRC2 
baop 


Object 
Code 
Format: 
[ 
11111110 
1 [ 
010111aa 
1 [ 
baop 
1 [ 
breg 
1 [ 
wreg 
1 


Bytes: 
4 + BEA 
States: 
22 + CEA 


Operation: 
The two WORD operands 
are multiplied 
using unsigned 
arithmetic 
and the 32- 


bit result 
is stored 
into the destination 
(leftmost) 
DOUBLE-WORD 
operand. 


The sticky bit flag is undefined 
after the instruction 
is executed. 


(DEST) +- (DEST)' 
(SRC) 


DST 
SRC 
Ireg, 
waop 


Object Code Format: 
[ 
011011 aa 
1 [ 
waop 
1 [ 
Ireg 
1 


Bytes: 
2 + BEA 
States: 
25 + CEA 


inter 


Operation: 
The second and third WOAD operands are multiplied using unsigned arithme- 
tic and the 32-bit result is stored into the destination (leftmost) DOUBLE- 
WOAD operand. The sticky bit flag is undefined after the instruction is execut- 
ed. 
(DEST) +- (SAC1)· 
(SAC2) 


DST 
Ireg, 


SAC1 
wreg, 


SAC2 
waop 


Object Code Format: 
[ 
010011aa l [ waop l [ wreg l [ Ireg l 


Bytes: 
3 + BEA 
States: 
26 + CEA 


Operation: 
The two BYTE operands are multiplied using unsigned arithmetic and the 
WOAD result is stored into the destination (leftmost) operand. The sticky bit 
flag is undefined after the instruction is executed. 
(DEST) +- (DEST)· (SAC) 


Assembly 
Language 
Format: 
DST 
SAC 
MULUB 
wreg, 
baop 


Object Code Format: 
[ 
011111aa l [ baop l [ wreg l 


Bytes: 
2 + BEA 
States: 
17 + CEA 


inter 


Operation: 
The second 
and third BYTE operands 
are multiplied 
using unsigned 
arithmetic 
and the WORD 
result 
is stored 
into the destination 
(leftmost) 
operand. 
The 
sticky bit flag is undefined 
after the instruction 
is executed. 


(DEST) +- (SRC1)' 
(SRC2) 


Assembly 
Language 
Format: 
DST 
SRC1 
SRC2 
MULUB 
wreg, 
breg, 
baop 


Object Code Format: 
[ 
010111aa 
I[ baop I[ breg I[ wreg 
I 


Bytes: 
3 + BEA 
States: 
18 + CEA 


Z 
ST 


? 


Operation: 
The value of the INTEGER 
operand 
is negated. 


(DEST) +- - (DEST) 


Object Code Format: 
[ 
00000011 
I[ wreg 
I 


Bytes: 
2 
States: 
4 


Operation: 
The value of the SHORT-INTEGER operand is negated. 
(DEST) +- - (DEST) 


Object Code Format: 
[ 
00010011 
1 [ 
breg 
1 


Bytes: 
2 
States: 
4 


Object Code Format: 
[ 
11111101 


Bytes: 
1 
States: 
4 


inter 


Operation: 
The LONG·INTEGER 
operand 
is normalized: 
Le., it is shifted to the left until its 


most significant 
bit is 1. If the most significant 
bit is still 0 after 31 shifts, the 


process 
stops and the zero flag is set. The number of shifts actually 
performed 


is stored 
in the second 
operand. 


(COUNT) 
+- 0 
do while (MSB(DEST) 
= 0) AND ((COUNT) 
< 31) 
(DEST) 
+- (DEST) 
• 2 
(COUNT) 
+- (COUNT) + 1 
end_while 


Object Code Format: 
[ 
00001111 
I[ breg I[ 
Ireg I 


Bytes: 
3 
States: 
11 + No. of shifts performed 


Operation: 
The value of the WORD operand 
is complemented: 
each 1 is replaced 
with a 


0, and each 0 with a 1. 


(DEST) +- NOT (DEST) 


Object Code Format: 
[ 
00000010 
I[ wreg I 


Bytes 
2 
States: 
4 


Operation: 
The vaule of the BYTE operand 
is complemented: 
each 1 is replaced 
with a 0, 
and each 0 with a 1. 


(DEST) 
- 
NOT (DEST) 


Bytes: 
2 
States: 
4 


Operation: 
The source 
(rightmost) 
WORD is ORed with the destination 
(leftmost) 
WORD 
operand. 
Each 
bit is set to 1 if the corresponding 
bit in either 
the 
source 
operand 
or the destination 
operand 
is 1. The result replaces 
the original desti- 
nation operand. 


(DEST) 
- 
(DEST) OR (SRC) 


DST 
wreg, 
SRC 
waop 


Object Code Format: 
[ 
100000aa 
1 [waop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 
4 + CEA 


Operation: 
The source 
(rightmost) 
BYTE operand 
is ORed with the destination 
(leftmost) 


BYTE operand. 
Each bit is set to 1 if the corresponding 
bit in either the source 


operand 
or the destination 
operand 
was 1. The result 
replaces 
the original 


destination 
operand. 


(DEST) 
-- 
(DEST) OR (SRC) 


Object Code Format: 
[ 
1001 OOaa 
1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2 + BEA 
States: 
4 + CEA 


Operation: 
The word on top of the stack is popped and placed at the destination 
operand. 


(DEST) 
-- 
(SP) 
SP 
-- 
SP + 2 


Bytes 
States: 
Onchip Stack: 
Offchip 
Stack: 


1 + BEA 
12 + CEA 
14 + CEA 


Operation: 
The word on top of the stack is popped 
and placed in the PSW. Interrupt 
call~ 


cannot 
occur immediately 
following 
this instruction. 


(PSW) +- (SP) 
SP +- SP + 
2 


Object Code Format: 
[ 
11110011 


Bytes: 
States: 
Onchip Stack: 
Offchip 
Stack: 


Operation: 
The specified 
operand 
is pushed 
onto the stack. 


SP +- SP - 
2 
(SP) +- (DEST) 


Object Code Format: 
[ 
11001 Oaa I[ waop 


Bytes: 
States: 
Onchip Stack: 
Offchip 
Stack: 


1+BEA 
8+CEA 
12 + CEA 


Operation: 
The PSW is pushed on top of the stack, and then set to all zeroes. This implies 
that all interrupts 
are disabled. 
Interrupt-calls 
cannot occur immediately 
follow- 


ing this instruction. 


SP +- 
SP - 
2 
(SP) +- 
PSW 
PSW +- 0 


Object Code Format: 
[ 
11110010 


Bytes: 
States: 
Onchip Stack: 
Offchip 
Stack: 


Operation: 
The PC is popped 
off the top of the stack. 


PC +- (SP) 
SP +- SP + 2 


Bytes: 
States: 
Onchip Stack: 
Offchip 
Stack: 


inter 


Operation: 
The 
PSW is initialized 
to zero, and the PC is initialized 
to 2080H. 
The 
I/O 


registers 
are set to their initial value. 
Executing 
this instruction 
will cause 
a 


pulse to appear 
on the reset pin of the 8096. 


PSW +- 0 
PC +- 2080H 


Object Code Format: 
[ 
11111111 


Bytes: 
1 
States: 
16 


Z 
ST 


o 
0 


Operation: 
The contents 
of the program 
counter 
(the return address) 
is pushed 
onto the 


stack. Then the distance 
from the end of this instruction 
to the target 
label is 


added to the program 
counter, 
effecting 
the call. The offset 
from the end of 
this instruction 
to the target 
label must be in the range of -1024 
to + 1023 


inclusive. 


SP +- SP - 
2 


(SP) +- PC 
PC +- 
PC + disp (sign-extended 
to 16 bits) 


Object Code Format: 
[ 
00101 xxx I[ disp-Iow 
I 


where 
xxx holds the three 
high-order 
bits of displacement. 


Bytes: 
States 
Onchip 
Stack: 


Offchip 
Stack: 


Operation: 
The carry flag is set. 
C-1 


Object Code Format: 
[ 
11111001 


Bytes: 
1 
States: 
4 


Operation: 
The destination 
(leftmost) 
word operand 
is shifted left as many times as speci- 
fied by the count (rightmost) 
operand. 
The count may be specified 
either as an 
immediate 
value in the range of 0 to 15 (OFH) inclusive, 
or as the content 
of 


any register. 
Details on jndirect 
shifts can be found in the Overview. 
The right 


bits of the result are filled with zeroes. 
The last bit shifted 
out is saved in the 
carry flag. 


Temp 
- 
(COUNT) 
do while Temp < > 0 
C - 
High order bit of (DEST) 
(DEST) 
- 
(DEST)' 
2 
Temp 
- 
Temp - 
1 
end_while 


00001001 
l [ cntlbreg 
l [ wreg 


Bytes: 
3 
States: 
7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Operation: 
The destination 
(leftmost) 
byte operand 
is shifted left as many times as speci- 


fied by the count (rightmost) 
operand. 
The count may be specified 
either as an 


immediate 
value in the range of 0 to 15 (OFH) inclusive, 
or as the content 
of 


any register. 
Details on indirect 
shifts can be found in the Overview. 
The right 


bits of the result are filled with zeroes. 
The last bit shifted 
out is saved in the 


carry flag. 


Temp 
+- (COUNT) 
do while Temp < > 0 
C +- High order bit of (DEST) 
(DEST) +- 
(DEST)' 
2 
TEMP 
+- Temp 
- 
1 


end_while 


00011001 
1 [ 
cntlbreg 
1 [ 
breg 


Bytes 
3 
States: 
7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


inter 


Operation: 
The destination 
(leftmost) 
double-word 
operand 
is shifted 
left as many times 


as specified 
by the count 
(rightmost) 
operand. 
The count 
may be specified 


either as an immediate 
value in the range of 0 to 15 (OFH) inclusive, 
or as the 


content 
of any register. 
Details on indirect shifts can be found in the Overview. 


The 
right bits of the result 
are filled 
with zeroes. 
The 
last bit shifted 
out is 


saved in the carry flag. 


Temp 
+- (COUNT) 
do while Temp < > 0 
C +- High order bit of (DEST) 
(DEST) +- (DEST) 
• 2 
Temp 
+- Temp 
- 
1 
end_while 


00001101 
1 [ 
cnt/breg 
1 [ 
Ireg 


Bytes: 
3 
States: 
7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


inter 


Operation: 
The destination (leftmost) word operand is shifted right as many times as 
specified by the count (rightmost) operand. The count may be specified either 
as an immediate value in the range of 0 to 15 (OFH) inclusive, or as the 
content of any register. Details on indirect shifts can be found in the Overview. 
The left bits of the result are filled with zeroes. The last bit shifted out is saved 
to the carry. The sticky bit flag is cleared at the beginning of the instruction, 
and set if at any time during the shift a 1 is shifted first into the carry flag, and a 
further shift cycle occurs. 
Temp +- (COUNT) 
do while Temp <> 0 
C +- Low order bit of (DEST) 
(DEST) +- (DEST) / 2 where / is unsigned division 
Temp +- Temp - 
1 
end_while 


00001000 
1 [ 
cnt/breg 
1 [ 
wreg 


Bytes: 
3 
States: 
7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Operation: 
The destination (leftmost) word operand is shifted right as many times as 
specified by the count (rightmost) operand. The count may be specified either 
as an immediate value in the range of 0 to 15 (OFH) 
inclusive, or as the 
content of any register. Details on indirect shifts can be found in the Overview. 
If the original high order bit value was 0, zeroes are shifted in. If the value was 
1, ones are shifted in. The last bit shifted out is saved in the carry. The sticky 
bit flag is cleared at the beginning of the instruction, and set if at any time 
during the shift a 1 is shifted first into the carry flag, and a further shift cycle 
occurs. 
Temp +- (COUNT) 
do while Temp < > 0 
C +- Low order bit of (DEST) 
(DEST) +- (DEST) / 2 where / is signed division 
Temp +- Temp - 
1 
end_while 


SHRA 


SHRA 


00001010 
1 [ 
cntlbreg 
1 [ 
wreg 


Bytes: 
3 
States: 
7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


inter 


Operation: 
The destination 
(leftmost) 
byte operand 
is shifted right as many times as spec- 


ified by the count 
(rightmost) 
operand. 
The count 
may be specified 
either as 


an immediate 
value in the range of 0 to 15 (OFH) inclusive, 
or as the content 
of 


any register. 
Details 
on indirect 
shifts 
can be found 
in the Overview. 
If the 


original 
high order bit value was 0, zeroes 
are shifted 
in. If that value was 1, 


ones are shifted 
in. The last bit shifted out is saved in the carry. The sticky bit 


flag is cleared 
at the beginning 
of the instruction, 
and set if at any time during 


the shift a 1 is shifted first into the carry flag, and a further 
shift cycle occurs. 


Temp 
+- (COUNT) 
do while Temp < > 0 
C, = Low order bit of (DEST) 
(DEST) +- (DEST) / 2 where 
/ is signed division 


Temp 
+- Temp 
- 
1 
end_while 


00011010 
1 [ 
cntlbreg 
1 [ 
breg 


Bytes: 
3 
States: 
7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Operation: 
The destination 
(leftmost) 
double-word 
operand 
is shifted 
right as many times 


as specified 
by the count 
(rightmost) 
operand. 
The count 
may be specified 


either as an immediate 
value in the range of 0 to 15 (OFH) inclusive, 
or as the 


content 
of any register. 
Details on indirect shifts can be found in the Overview. 


If the original high order bit value was 0, zeroes are shifted in. If the value was 
1, ones are shifted 
in. The sticky bit is cleared 
at the beginning 
of the instruc- 


tion, and set if at any time during the shift a 1 is shifted first into the carry flag, 
and a further 
shift cycle occurs. 


Temp 
••... (COUNT) 
do while Temp < > 0 
C ••... Low order bit of (DEST) 
(DEST) 
••... (DEST) / 2 where 
/ is signed division 
Temp 
••... Temp 
- 
1 
end_while 


00001110 
1 [ 
cnt/breg 
1 [ 
Ireg 


Bytes: 
3 
States: 
7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Operation: 
The destination 
(leftmost) 
byte operand 
is shifted right as many times as spec- 


ified by the count 
(rightmost) 
operand. 
The count 
may be specified 
either as 


an immediate 
value in the range of 0 to 15 (OFH) inclusive, 
or as the content 
of 


any register. 
Details 
on indirect 
shifts can be found 
in the Overview. 
The left 


bits of the result are filled with zeroes. 
The last bit shifted 
out is saved in the 


carry. The sticky bit flag is cleared 
at the beginning 
of the instruction, 
and set if 


at any time during the shift a 1 is shifted first into the carry flag, and a further 
shift cycle occurs. 


Temp +- (COUNT) 
do while Temp < > 0 
C +- 
Low order bit of (DEST) _ 


(DEST) +- (DEST) / 2 where 
/ is unsigned 
division 


Temp 
+- Temp 
- 
1 
end_while 


SHRB 


SHRB 


00011000 
I [ 
cnt/breg 
H 
breg 


Bytes: 
3 
States: 
7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Operation: 
The destination 
(leftmost) 
double-word 
operand 
is shifted right as many times 


as specified 
by the count 
(rightmost) 
operand. 
The count 
may be specified 


either as an immediate 
value in the range of 0 to 15 (OFH) inclusive, 
or as the 


content 
of any register. 
Details on indirect shifts can be found in the Overview. 


The left bits of the result are filled with zeroes. The last bit shifted out is saved 
in the carry. The sticky 
bit flag is cleared 
at the beginning 
of the instruction, 


and set if at any time during the shift a 1 is shifted first into the carry flag, and a 
further 
shift cycle occurs. 


Temp 
- 
(COUNT) 
do while Temp < > 0 
C - 
Low order bit of (DEST) 
(DSET) 
- 
(DEST) / 2 where 
/ is unsigned 
division 
Temp 
- 
Temp 
- 
1 


end_while 


00001100 
1 [ 
cntlbreg 
1 [ 
Ireg 


Bytes: 
3 


States: 
7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


inter 


Operation: 
The distance from the end of this instruction to the target label is added to the 
program counter, effecting the jump. The offset from the end of this instruction 
to the label must be in the range of -1024 
to + 1023 inclusive. 


PC +- PC + disp (sign-extended to 16 bits) 


Object Code Format: 
[ 
00100xxx 
1 [ 
disp-Iow 
1 
where xxx holds the three high order bits of the displacement. 


Bytes: 
2 
States: 
8 


Operation: 
Nothing is done. This is actually a two-byte NOP where the second byte can 
be any value, and is simply ignored. Control passes to the next sequential 
instruction. 


Object Code Format: 
[ 
00000000 
1 [ 
breg 
1 


Bytes: 
2 
States: 
4 


Operation: 
The value of the leftmost word operand is stored into the rightmost operand. 


(DEST) - 
(SRC) 


Assembly 
Language 
Format: 
ST 
SRC 
DST 
wreg, 
waop 


Object Code Format: 
[ 
110000aa I[ waop I[ wreg I 


Bytes: 
2 + BEA 
States: 
4 + CEA 


Operation: 
The value of the leftmost byte operand is stored into the rightmost operand. 


(DEST) - 
(SRC) 


SRC 
DST 
breg, 
baop 


Object Code Format: 
[ 
110001aa I[ baop I [ breg I 


Bytes: 
2 + BEA 
States: 
4 + CEA 


Operation: 
The source 
(rightmost) 
word operand 
is subtracted 
from the destination 
(left- 


most) word operand, 
and the result is stored in the destination. 
The carry flag 


is set as complement 
of borrow. 


(DEST) 
~ 
(DEST) - 
(SRC) 


DST 
SRC 
wreg, 
waop 


Object Code Format: 
[ 
01101 Oaa 
1 [ 
waop 
1 [ 
wreg 
1 


Bytes: 
2 + SEA 
States: 
4 + CEA 


Operation: 
The 
source 
(rightmost) 
word 
operand 
is subtracted 
from 
the 
second 
word 


operand, 
and the result is stored in the destination 
(the leftmost 
operand). 
The 


carry flag is set as complement 
of borrow. 


(DEST) 
~ 
(SRC1) - 
(SRC2) 


DST 
SRC1 
wreg, 
wreg, 


SRC2, 
waop 


Object Code Format: 
[ 
01001 Oaa 
1 [ 
waop 
1 [ 
Sweg 
1 [ 
Dwreg 
1 


Bytes: 
3 + BEA 
States: 
5 + CEA 


Operation: 
The source (rightmost) byte is subtracted from the destination (leftmost) byte 
operand, and the result is stored in the destination. The carry flag is set as 
complement of borrow. 


(DEST) -- 
(DEST) - 
(SRC) 


Assembly Language Format: 
SUBB 
DST 
SRC 
breg, 
baop 


Object Code Format: 
[ 
011110aa I[ baop I[ breg I 


Bytes: 
2 + BEA 
States 
4 + CEA 


Operation: 
The source (rightmost) byte operand is subtracted from the second byte oper- 
and, and the result is stored in the destination (the leftmost operand). The 
carry flag is set as complement of borrow. 


(DEST) -- 
(SRC1) - 
(SRC2) 


DST 
SRC1 
SRC2 
breg, 
Sbreg 
baop 


Object Code Format: 
[ 
01011Oaa I[ baop I[ Sbreg I[ Dbreg I 


Bytes: 
3 + BEA 
States: 
5 + CEA 


inter 


Operation: 
The source 
(rightmost) 
word operand 
is subtracted 
from the destination 
(left- 


most) word operand. 
If the carry flag was clear, 1 is subtracted 
from the above 


result. The result 
replaces 
the orignal 
destination 
operand. 
The carry flag is 


set as complement 
of borrow. 


(DEST) +- 
(DEST) - 
(SRC) - 
(1-C) 


Assembly 
Language 
Format: 
SUBC 
DST 
wreg, 


SRC 
waop 


Object Code Format: 
[ 
101010aa 
I[ waop I[ wreg I 


Bytes: 
2 + BEA 
States: 
4 + CEA 


Z 
ST 
J. 


Operation: 
The source 
(rightmost) 
byte operand 
is subtracted 
from the destination 
(left- 


most) byte operand. 
If the carry flag was clear, 1 is subtracted 
from the above 


result. The result replaces 
the original 
destination 
operand. 
The carry flag is 


set as complement 
of borrow. 


(DEST) 
+- 
(DEST) - 
(SRC) - 
(1-C) 


Assembly 
Language 
Format: 
DST 
SRC 
SUBCB 
breg, 
baop 


Object Code Format: 
[ 
10111 Oaa I[ baop I[ breg I 


Bytes: 
2 + SEA 
States 
4 + CEA 


Z 
ST 
J. 


Operation: 
This instruction causes an interrupt-call which is vectored through location 
2010H. The operation of this instruction is not effected by the state of the 
interrupt enable flag in the PSW (I). Interrupt-calls cannot occur immediately 
following this instruction. This instruction is intended for use by Intel provided 
development tools. These tools will not support user-application of this in- 
struction. 
SP +- SP - 
2 
(SP) +- PC 
PC +- (2010H) 


Assembly 
Language 
Format: 
This instruction is not supported by revision 1.0 of the 8096 assembly lan- 
guage. 


Object Code Format: 
[ 
11110111 


Bytes: 
States 
Onchip Stack: 
Offchip Stack: 


Operation: 
The source (rightmost) word operand is XORed with the destination (leftmost) 
word operand. Each bit is set to 1 if the corresponding bit in either the source 
operand or the destination operand was 1, but not both. The result replaces 
the original destination operand. 
(DEST) +- (DEST) XOR (SRC) 


DST 
SRC 
wreg, 
waop 


Object Code Format: 
[ 
100001aa 
1 [ 
waop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 
4 + CEA 


inter 


Operation: 
The source (rightmost) byte operand is XOAed with the destination (leftmost) 
byte operand. Each bit is set to 1 if the corresponding bit in either the source 
operand or the destination operand was 1, but not both. The result replaces 
the original destination operand. 
(DEST) +- (DEST) XOA (SAC) 


Assembly 
Language 
Format: 


XOAB 
DST 
SAC 
breg, 
baop 


Object Code Format: 
[ 
100101aa 
1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2 + BEA 
States: 
4 + CEA 
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This Chapter of the manual is devoted to the hardware 
engineer. All of the information you need to connect 
the correct pin to the correct external circuit is provid- 
ed. Many of the special function pins have different 
characteristics which are under software control, there- 
fore, it is necessary to define the system completely be- 
fore the hardware is wired-up. 


Frequently within this chapter a specification for a cur- 
rent, voltage, or time period is referred to; the values 
provided are to be used as an approximation only. The 
exact specification can be found in the latest data sheet 
for the particular part and temperature range that is 
being used. 


1.0 REQUIRED 
HARDWARE 
CONNECTIONS 


Although the 8096BH is a single-chip microcontroller, 
it still requires several external connections to make it 
work. Power must be applied, a clock source provided, 
and some form of reset circuitry must be present. We 
will look at each of these areas of circuitry separately. 
Figure 6 shows the connections that are needed for a 
single-chip system. 


Power for the 8096BH flows through six pins; they are: 
three positive voltage pins-Vcc 
(digital), VREF (Port 
o digital I/O 
and A/D 
power), VpD (power down 
mode); and three common returns-two 
VSSpins and 
one ANGND 
pin. All six of these pins must be con- 
nected on the 8096BH for normal operation. The Vcc 
pin, VREF pin and VPD pin should be tied to 5 volts. 
The two Vss pins and the ANGND 
pin must be 
grounded. When the analog to digital converter is being 
used it may be desirable to connect the VREF pin to a 
separate power supply, or at least a separate power sup- 
ply line. 


The three common return pins should be connected at 
the chip with as short a lead as possible to avoid prob- 
lems due to voltage drops across the wiring. There 
should be no measurable voltage difference between 
VSSIand VSS2.The two VSSpins and the ANGND pin 
must all be nominally at 0 volts. The maximum current 
drain of the 8096BH is around 180 mA, with all lines 
unloaded. 


When the analog converter is being used, clean, stable 
power must be provided to the analog section of the 
chip to assure highest accuracy. To achieve this, it may 
be desirable to separate the analog power supply from 
the digital power supply. The VREF pin supplies the 
digital circuitry in the A/D converter and provides the 
5 volt reference to the analog portion of the converter. 
VREF and ANGND 
must be connected even if the 
A/D converter is not used. More information on the 
analog power supply is in Section 3.1. 


Several other connections are needed to configure the 
8096BH. In normal operation the following pins should 
be connected to the indicated power supply. 


Pin 
Power Supply 


8X9XBH 
8X9X 


NMI 
NMI 
Vcc 
TEST 
VCC 
EA 
EA 
VCC (to allow internal execution) 
Vss (to force external 
execution) 


Although the EA pin has an internal pulldown, it is 
best to tie this pin to the desired level. This will prevent 
induced noise from disturbing the system. With the ex- 
ception of 8X9X devices, raising EA to + 12.75 volts 
will place an 8096BH in a special operating mode de- 
signed for programming and program memory verifica- 
tion (see Section 10). 


The 8096BH requires a clock source to operate. This 
clock can be provided to the chip through the XTALl 
input or the on-chip oscillator can be used. The fre- 
quency of operation is from 6 MHz to 12 MHz. 


The on-chip circuitry for the 8096BH oscillator is a 
single stage linear inverter as shown in Figure 1. It is 
intended for use as a crystal-controlled, positive reac- 
tance oscillator with external connections as shown in 
Figure 2. In this application, the crystal is being operat- 
ed in its fundamental response mode as an inductive 


intJ 


reactance in parallel resonance with shunt capacitance 
external to the crystal. 


The crystal specifications and capacitance values (Cl 
and C2 in Figure 2) are not critical. Thirty pF can be 
used in these positions at any frequency with good 
quality crystals. For 0.5% frequency accuracy, 
the 


crystal frequency can be specified at series resonance or 


for parallel resonance with any load capacitance. (In 
other words, for that degree of frequency accuracy, the 
load capacitance simply doesn't matter.) For 0.05% 
frequency accuracy the crystal frequency should be 
specified for parallel resonance with 25 pF load capaci- 
tance, if CI and C2 are 30 pF. 


A more in-depth discussion of crystal specifications and 
the selection of values for Cl and C2 can be found in 
the Intel Application Note, AP-155, "Oscillators for 
Microcontrollers .•• 


To drive the 8096BH with an external clock source, 
apply the external clock signal to XTALI 
and let 


XTAL2 float. An example of this circuit is shown in 
Figure 3. The required voltage levels on XTALI 
are 


specified in the data sheet. The signal on XTALl must 
be clean with good solid levels. 


It is important that the minimum high and low times 
are met to avoid having the XTALI pin in the tran- 
sition range for long periods of time. The longer the 
signal is in the transition region, the higher the proba- 
bility that an external noise glitch could be seen by the 
clock generator circuitry. Noise glitches on the 8096BH 
internal clock lines will cause unreliable operation. 


The clock generator provides a 3 phase clock output 
from the XTALl pin input. Figure 4 shows the wave- 
forms of the major internal timing signals. 


XTAL2 


FLOAT 


PHASE A 
(CLKOun 


Figure 4. Internal 
Timings 


ternal ROMIEPROM. If the voltage on the EA pin 
selects the external execution only mode the CCB is 
read from external memory. See Figure 5. 
In order for the 8096BHto function properly it must be 
reset. This is done by holding the RESET pin low for at 
least 2 state times after the power supply is within toler- 
ance and the oscillator has stabilized. 


On 8X9X devices the RESET pin must be held low long 
enough for the power supply, oscillator and back-bias 
generator to stabilize. Typically, the back-bias generator 
requires one millisecond to stabilize. 


After the RESET pin is brought high, a ten state reset 
sequence is executed. During this time, the Chip Con- 
figuration Byte (CCB) is read from location 20l8H and 
written to the 8096BH Chip Configuration Register 
(CCR). If the voltage on the EA pin selects the inter- 
nal/external execution mode the CCB is read from in- 


On 8X9X devices, the CCB read does not occur, and 
ALE is high while RESET is held low. 


There are several ways to provide a good reset to an 
8096BH, the simplest beingjust to connect a capacitor 
from the reset pin to ground. The capacitor should be 
on the order of 2 microfarads for every millisecond of 
reset time required. This method will only work if the 
rise time of Vcc is fast and the total reset time is less 
than around 50 milliseconds. It also may not work if 
the RESET pin is to be used to reset other parts on the 
board. An 8096BHwith the minimum required connec- 
tions is shown in Figure 6. 


u 
u 


CHIP 
CONFIGURATION 
BYTE 


THE BYTE(8-BIT 
BUS). 


OR WORD( 16-BIT 
BUS). 


AT 2080H 
270246-5 


Figure 5. Reset Sequence 
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inter 


+5 
VOLTS 


SEPARATE Vee TRACE (2) 


VpD 


(1) 
VREF' 


0.1 ;OF 
TEST 


ANGND 
EA 


SEPARATE 
.01 ;OF 
0.1 
GROUND 
Vaa 
TO 
TRACE 
(1) 
(2) 
1.0 ;OF 


ANGND 
aUSWIDTH 


EA 


47 ~F 
+ 
TO 
25 ;OF 


Vss' 


Vss2 


XTAll 


0.1 
TO 
1.0 ;OF 


NOTES: 
1. These capacitors 
are needed 
only if A to D is used. 
2. VREF 
& ANGND may be connected 
to the same traces as the digital power supply if the A to D is not used. 


r1.0;oF 


1/. 
74SL06 


OR 
1;, 
7406 


NOTE: 
1. The diode will provide a faster cycle time repetitive power-on-resets. 


The 
8096BH 
RESET 
pin can be used 
to allow 
other 


chips on the board 
to make use of the Watchdog 
Timer 
or the 
RST 
instruction. 
When 
this 
is done 
the 
reset 
hardware 
should 
be a one-shot 
with an open collector 
output. 
The 
reset 
pulse 
going 
to the other 
parts 
may 
have 
to be buffered 
and 
lengthened 
with 
a one-shot, 
since the RESET 
low duration 
is only two state 
times. 
If this is done, 
it is possible 
that 
the 
8096BH 
will be 


reset 
and 
start 
running 
before 
the other 
parts 
on the 
board 
are out of reset. 
The software 
must 
account 
for 
this possible 
problem. 


A capacitor 
directly 
connected 
to RESET 
cannot 
be 


used 
to reset 
the 
part 
if the 
pin is to be used 
as an 


output. 
If a large 
capacitor 
is used, 
the pin will pull- 
down more slowly than normal. 
It will continue 
to pull- 
down until 
the 8096BH 
is reset. 
It could fall so slowly 


that it never goes below the internal 
switch 
point of the 


reset 
signal 
(1 to 
1.5 volts). 
a voltage 
which 
may 
be 


above the guaranteed 
switch 
point of external 
circuitry 


connected 
to the 
pin. 
A circuit 
example 
is shown 
in 


Figure 
7. 


inter 


If RESET is brought high at the same time as or just 
after the rising edge of XTALl, the part will start exe- 
cuting the 10 state time RST instruction exactly 6'/. 
XTALI cycles later. This feature can be used to syn- 
chronize several MCS-96 devices. A diagram of a typi- 
cal connection is shown in Figure 8. It should be noted 
that parts that start in sync may not stay that way, due 
to propagation delays which may cause the synchroniz- 
ed parts to receive signals at slightly different times. 


1.6 Disabling the Watchdog 
Timer 


The Watchdog Timer will pull the RESET pin low 
when it overflows. See Figure 9. If the pin is being 
externally held above the low going threshold, the pull- 
down transistor will remain on indefinitely. This means 
that once the watchdog overflows, the part must be 
reset or RESET must be held high indefinitely. Just 


resetting the Watchdog Timer in software will not clear 
the flip-flop which keeps the RESET pulldown on. 


The pulldown is capable of sinking on the order of 30 
milliamps if it is held at 2.0 volts. This amount of cur- 
rent may cause some long term reliability problems due 
to localized chip heating. For this reason, parts that 
will be used in production should never have had the 
Watchdog Timer over-ridden for more than a second or 
two. 


Whenever the reset pin is being pulled high while the 
pulldown is on, it should be through a resistor that will 
limit the voltage on RESET to 2.5 volts and the current 
through the pin to 40 milliamps. 


If it is necessary to disable the Watchdog Timer for 
more than a brief test the software solution of never 
initiating the timer should be used. See Section 14 in 
the Architecture Chapter. 


WATCHDOG TIMER 
OVERFLOW 


RESET INSTRUCTION 
(OFF H) 


Battery backup can be provided on the 8096BH with a 
1 mA current drain at 5 volts. This mode will hold 
locations OFOHthrough OFFH valid as long as the 
power to the VpDpin remains on. The required timings 
to put the part into power-down and an overview of 
this mode are given in Section 4.2 in the MCS-96 Ar- 
chitecture Chapter. 


A 'key' can be written into power-down RAM while 
the part is running. This key can be checked on reset to 
determine if it is a start-up from power-down or a com- 
plete cold start. In this way the validity of the power- 
down RAM can be verified. The length of this key de- 
termines the probability that this procedure will work, 
however, there is always a statistical chance that the 
RAM will power up with a replica of the key. 


Under most circumstances, the power-fail indicator 
which is used to initiate a power-down condition must 
come from the unfiltered, unregulated section of the 
power supply. The power supply must have sufficient 
storage capacity to operate the 8096BH until it has 
completed its reset operation. 


There are five types of I/O lines on the 8096BH. Of 
these, two are inputs and three are outputs. All of the 
pins of the same type have the same current/voltage 
characteristics. Some of the control input pins, such as 
XTALl and RESET, may have slightly different char- 
acteristics. These pins are discussed in Section 1. 


While discussing the characteristics of the I/O pins 
some approximate current or voltage specificationswill 
be given. The exact specifications are available in the 
lastest version of the data sheet that corresponds to the 
part being used. 


The Quasi-Bidirectional pins of Port I, Port 2.6, and 
Port 2.7 have both input and output port configura- 
tions. They have three distinct states; low impedance 
current sink (Q2), low impedance current source (QI), 
and high impedance current source (Q3). As a low im- 
pedance current sink, the pin has specification of sink- 
ing up to around 0.5 mA, while staying below 0.45 
volts. The pin is placed in this condition by writing a '0' 
to the SFR (Special Function Register) controlling the 
pin. 


Examine Figure 10. When a 'I' is written to the SFR 
location controlling the pin, Ql (a low impedance 
MOSFET pullup) is turned on for one state time, then 
it is turned off and the depletion pullup holds the line at 


a logical 'I' state. The low-impedance pullup is used to 
shorten the rise time of the pin, and has current source 
capability on the order of 100 times that of the deple- 
tion pullup. 


While the depletion mode pullup is the only device on, 
the pin may be used as an input with a leakage of 
around 100 microamps from 0.45 volts to VCC. It is 
ideal for use with TTL or CMOS chips and may even 
be used directly with switches. However if the switch 
option is used, certain precautions should be taken. It is 
important to note that any time the pin is read, the 
value returned will be the value on the pin, not the 
value placed in the control register. This could cause 
logical operations made directly on these pins to inda- 
vertently write a 0 to pins being used as inputs. In order 
to perform logical operations on a port where a quasi- 
bidirectional pin is an input, it is necessary to guarantee 
that the bit associated with the input pin is alwaysa one 
when writing to the port. 


2.2 Quasi-Bidirectional 
Hardware 


Connections 


When using the quasi-bidirectional ports as inputs tied 
to switches, series resistors may be needed if the ports 
will be written to internally after the part is initialized. 
The amount of current sourced to ground from each 
pin is tyically 20 mA or more. Therefore, if all 8 pins 
are tied to ground, 160 mA will be sourced. This is 
equivalent to instantaneously doubling the power used 
by the chip and may cause noise in some applications. 


This potential problem can be solved in hardware or 
software. In software, never write a zero to a pin being 
used as an input. 


In hardware, a IK resistor in series with each pin will 
limit current to a reasonable value without impeding 
the ability to override the high impedance pullup. If all 
8 pins are tied together a 1200 resistor would be rea- 
sonable. The problem is not quite as severe when the 
inputs are tied to electronic devicesinstead of switches, 
as most external pulldowns will not hold 20 mA to 0.0 
volts. 


Writing to a Quasi-Bidirectional Port with electronic 
devices attached to the pins requires special attention. 
Consider using PI.O as an input and trying to toggle 
P1.1 as an output: 


Set PloD 
for 
input 
Complement 
Plol 


The first instruction will work as expected but two 
problems can occur when the second instruction exe- 
cutes. The first is that even though P1.1is being driven 


ONE 
STATE 
DELAY 


2V 
4V 


VOH 
2V 
4V 


VOl. 


NOTE: 
These 
graphs 
show typical 
pin capabilities. 
they are not guaranteed 
specifications 


high by the 8096 it is possible that it is being held low 
externally. This typically happens when the port pin is 
used to drive the base of an NPN transistor which in 
turn drives whatever there is in the outside world which 
needs to be toggled. The base of the transistor 
will 


clamp the port 
pin to the transistor's 
Vbe above 


ground, typically 0.7V. The 8096 will input this value 
as a zero even if a one has been written to the port pin. 
When this happens the XORB instruction will always 
write a one to the port pin's SFR and the pin will not 
toggle. 


The second problem, which is related to the first, is that 
if PI.O happens to be driven to a zero when Port I is 
read by the XORB instruction, then the XORB will 
write a zero to PI.O and it will no longer be useable as 
an input. 


driver design. A series resistor between the port pin and 
the base of the transistor often works by bringing up 
the voltage present on the port pin. The second case can 
be taken care of in the software fairly easily: 


LDB 
AL. rOPORTl 
XORB AL. #OlOB 
ORB 
AL. #OOIB 
STB 
AL. rOPORTl 


A software solution to both cases is to keep a byte in 
RAM as an image of the data to be output to the port; 
any time the software wants to modify the data on the 
port it can then modify the image byte and copy it to 
the port. 


If a switch is used on a long line connected to a quasi- 
bidirectional pin, a pullup resistor is recommended to 
reduce the possibility of noise glitches and to decrease 


the rise time of the line. On extremely long lines that 
are handling slow signals, a capacitor may be helpful in 
addition to the resistor to reduce noise. 


The high impedance input pins on the 8096BH have an 
input leakage of a few microamps and are predominant- 
ly capacitive loads on the order of 10 pF. 


Port 0 pins are special in that they may individually be 
used as digital inputs, or as analog inputs. A Port 0 pin 
being used as a digital input acts as the high impedance 
input ports just described. However, Port 0 pins being 
used as analog inputs are required to provide current to 
the internal sample capacitor when a conversion begins. 
This means that the input characteristics of a pin will 
change if a conversion is being done on that pin. See 
Section 3. In either case, if Port 0 is to be used as analog 
or digital I/O, it will be necessary to provide power to 
this port through the VREF pin. 


Port a pins on 8X9X devices being used as analog inputs 
are required to provide current to an internal capacitor 


multiple times while a conversion IS In progress. This 
means that the input characteristics of a Port a pin will 
change if a conversion is being done on that pin. See 
Section 3. 


Ports 3 and 4 on the 8096BH are open drain ports. 
There is no pullup when these pins are used as I/O 
ports. These pins have different characteristics 
when 


used as bus pins as described in the next section. A 
diagram of the output buffers connected to Ports 3 and 
4 and the bus pins is shown in Figure II. 


When Ports 3 and 4 are to be used as inputs, or as bus 
pins, they must first be written with a '1'. This will put 
the ports in a high impedance mode. When they are 
used as outputs, a pullup resistor must be used external- 
ly. The sink capability of these pins is on the order of 
0.4 milliamps so the total pullup current to the pin 
must be less than this. A 15K pullup resistor will 
source a maximum of 0.33 milliamps, so it would be a 
reasonable value to choose if no other circuits with 
pullups were connected to the pin. 


~mA~ 
~TYPICAL 


~~mA I/:- 


lOmA 


270246-19 


PORT PULLDOWN 
BUS, P1,P2 


25mAe 


15mA 
~ 


5 mA 


OV 
2V 
4V 
VOL 


270246-20 


NOTE: 
These 
graphs 
show typical 
pin capabilities, 
they are not guaranteed 
specifications. 


2.5 
HSO Pins, Control Outputs and 
Bus Pins 


The control outputs and HSO pins have output butTers 
with the same output characteristics as those of the bus 
pins. Included in the category of control outputs are: 
TXD, RXD (in Mode 0), PWM, CLKOUT, 
ALE, 


BHE, RD, and WR. The bus pins have 3 states: output 
high, output low, and high impedance input. As a high 
output, the pins are specified to source around 200 JLA 
to 2.4 volts, but the pins can source on the order of ten 
times that value in order to provide the fast rise times. 
When used as a low output, the pins can sink around 
2 mA at 0.45 volts, and considerably more as the volt- 
age increases. When in the high impedance state, the 
pin acts as a capacitive load with a few microamps of 
leakage. Figure 11 shows the internal configuration of a 
bus pin. 


The on-chip AID converter of the 8096BH can be used 
to digitize analog inputs while analog outputs can be 


generated with either the chip's PWM output or HSO 
unit. This section describes the analog input sugges- 
tions. See Section 4 for analog output. 


The 8096BH's Integrated AID converter includes an 
eight channel analog multiplexer, sample-and-hold cir- 
cuit and lO-bit analog to digital converter (Figure 12). 
The 8096BH can therefore select one of eight analog 
inputs to convert, sample-and-hold the input voltage 
and convert the voltage into a digital value. Each con- 
version takes 22 microseconds, including the time re- 
quired for the sample-hold (with XTALl 
= 12 MHz). 


The method of conversion is successive approximation. 


Section 3.6 contains the definitions of numerous terms 
used in connection with the AID converter. 


The AID converter of 8X9X devices does not contain a 
Samp/e-and-Ho/d and has a conversion time of 42 JLs 
(12 MHz on XTAL1). Section 3.5 discusses the differ- 
ences. 


NOTE: 
1. Sample 
and hold not on 8X9X devices. 


inter 


.The conversion process is initiated by the execution of 
HSO command OFH, or by writing a one to the GO Bit 
in the AID Control Register. Either activity causes a 
start conversion signal to be sent to the AID converter 
control logic. If an HSO command was used, the con- 
version process will begin when Timer I increments. 
This aids applications attempting to approach spectral- 
ly pure sampling, since successive samples spaced by 
equal Timer I delays will occur with a variance of 
about 
±50 ns (assuming a stable clock on XTALl). 
However, conversions initiated by writing a one to the 
ADCON register GO Bit will start within three state 
times after the instruction has completed execution re- 
sulting in a variance of about 0.75 IJos(XTALl 
= 


12 MHz). 


Once the AID unit receives a start conversion signal, 
there is a one state time delay before sampling (sample 
delay) while the successive approximation register is re- 
set and the proper multiplexer channel is selected. Af- 
ter the sample delay, the multiplexer output is connect- 
ed to the sample capacitor and remains connected for 
four state times (sample time). After this four state time 
"sample window" closes, the input to the sample capac- 
itor is disconnected from the multiplexer so that chang- 
es on the input pin will not alter the stored charge while 
the conversion is in progress. The comparator is then 
auto-zeroed and the conversion begins. The sample de- 
lay and sample time uncertainties are each approxi- 
mately ± 50 ns, independent of clock speed. 


To perform the actual analog-to-digital conversion the 
8096BH implements a successive approximation algo- 
rithm. The converter hardware consists of a 256-resis- 
tor ladder, a comparator, 
coupling capacitors and a 


IO-bit successive approximation 
register (SAR) with 


logic that guides the process. The resistor ladder pro- 
vides 20 mV steps (VREF = 5.12Y), while capacitive 
coupling is used to create 5 mV steps within the 20 mV 
ladder voltages. Therefore, 1024 internal reference volt- 
~ges are available for comparison against the analog 
mput to generate a IO-bit conversion result. 


A successive approximation conversion is performed by 
comparing a sequence of reference voltages, to the ana- 
log input, in a binary search for the reference voltage 
that most closely matches the input. The 'I.full scale 
reference voltage is the first tested. This corresponds to 
a IO-bit result where the most significant bit is zero, 
and all other bits are ones (0111.1111.11b). If the ana- 
log input was less than the test voltage, bit 10 of the 
SAR is left a zero, and a new test voltage of 'I.full scale 
(0011.1111.11b) is tried. If this test voltage was lower 
than the analog input, bit 9 of the SAR is set and bit 8 
is cleared for the next test (0101.1111.11b). This binary 
search continues until 10 tests have occurred, at which 
time the valid IO-bit conversion result resides in the 
SAR where it can be read by software. 


The total number of state times required is 88 for a 
IO-bit conversion. Attempting to short-cycle the IO-bit 
conversion process by reading AID results before the 
done bit is set is not recommended. 


The external interface circuitry to an analog input is 
highly dependent upon the application, and can impact 
converter characteristics. 
In the external circuit's de- 


sign, important factors such as input pin leakage, sam- 
ple capacitor size and multiplexer series resistance from 
the input pin to the sample capacitor must be consid- 
ered. 


For the 8096BH, these factors are idealized in Figure 
13. The external input circuit must be able to charge a 
sample capacitor (CS) through a series resistance (Rr) 
to an accurate voltage given a D.C. leakage (IL). On the 
8096BH, Cs is around 2 pF, Rr is around 5 Kn. and IL 
is specified as 3 IJoAmaximum. In determining the nec- 
essary source impedance RS, the value of VBIASis not 
important. 


External circuits' with source impedances of I Kn. or 
less will be able to maintain an input voltage within a 
tolerance of about 
±0.61 LSB (1.0 Kn. 
X 
3.0 IJoA 


3.0 mY) given the D.C. leakage. Source impedances 


above 2 Kn. can result in an external error of at least 
one LSB due to the voltage drop caused by the I IJoA 
leakage. In addition, source impedances above 25 Kn. 
may degrade converter accuracy as a result of the inter- 
nal sample capacitor not being fully charged during the 
I IJos(12 MHz clock) sample window. 


It is important to note that source impedance require- 
ments relax if an external capacitor of sufficient size is 
attached directly to the analog input pin. Since the in- 
ternal sample capacitor is around 2.0 pF, an external 
0.005 IJoFcapacitor (2048 X 2.0 pF) should provide an 
accurate input voltage to ± 0.5 LSB. If there is leakage 
on the capacitor, the value of the capacitor must be 
increased to compensate for the leakage. For example, 
assuming just the 3 IJoAD.C. leakage caused by the 
8096BH, 0.6 mV (less than 0.15 LSB) will be lost from 
a 0.005 IJoFcapacitor in I IJos.Therefore, the capacitor 


connected externally to the pin should be at least 0.005 
IJ-Fif the source impedance is too large to provide the 
needed accuracy on its own. However, if the external 
signal changes slowly, it is recommended that the larg- 
est acceptable capacitance be used, given the input sig- 
nal frequency. 


Placing an external capacitor on each analog input will 
also reduce the sensitivity to noise, as the capacitor 
combines with series resistance in the external circuit to 
form a low-pass filter. In practice, one should include a 
small series resistance prior to the external capacitor on 
the analog input pin and choose the largest capacitor 
value practical, given the frequency of the signal being 
converted. This provides a low-pass filter on the input, 
while the resistor will also limit input current during 
over-voltage conditions. 


Figure 14 shows a simple analog interface circuit based 
upon the discussion above. The circuit in the figure also 
provides limited protection against over-voltage condi- 
tions on the analog input. Should the input voltage in- 
appropriately 
drop significantly below ground, diode 
D2 will forward bias at about 0.8 DCV. Since the speci- 
fication of the pin has an absolute maximum low volt- 
age rating of -0.3 
DCV, this will leave about 0.5 DCV 
across the 2700. resistor, or about 2.0 mA of current. 
This should limit current to a safe amount. However, 
before any circuit is used in an actual application, it 
should be thoroughly analyzed for applicability to the 
specific problem at hand. 


Reference supply levels strongly influence the absolute 
accuracy of the conversion. For this reason, it is recom- 
mended that the ANGND pin be tied to the two Vss 
pins as close to the chip as possible with minimum trace 
length. Bypass capacitors should also be used between 
VREF and ANGND. ANGND should be within about 
a tenth of a volt Vss. VREF should be well regulated 
and used only for the A/D converter. The VREF supply 
can be between 4.5V and 5.5V and needs to be able to 
source around 5 mA. Figure 6 shows all of these con- 
nections. 


Note that if only ratiometric 
information is desired, 
VREF can be connected to VCC. In addition, VREF 


and ANGND must be connected even if the AID con- 
verter is not being used. Remember that Port 0 receives 
its power from the VREF and ANGND pins even when 
it is used as digital I/O. 


The conversion result is a lO-bit ratiometric representa- 
tion of the input voltage, so the numerical value ob- 
tained from the conversion will be: 


This produces a stair-stepped transfer function when 
the output code is plotted versus input voltage (see Fig- 
ure 15). The resulting digital codes can be taken as 
simple ratiometric information, or they can be used to 
provide information about absolute voltages or relative 
voltage changes on the inputs. The more demanding 
the application is on the A/D converter, the more im- 
portant it is to fully understand the converter's opera- 
tion. For simple applications, knowing the absolute er- 
ror of the converter is sufficient. However, closing a 
servo-loop with analog inputs necessitates a detailed 
understanding of an AID converter's operation and er- 
rors. 


The errors inherent jn an analog-to-digital conversion 
process are many: quantizing error; zero offset; full- 
scale error; differential non-linearity; and non-linearity. 
These are "transfer function" errors related to the AID 
converter. 
In addition, 
converter 
temperature 
drift, 


Vcc rejection, sample-hold feedthrough, 
multiplexer 


off-isolation, channel-to-channel matching and random 
noise should be considered. Fortunately, one "Absolute 
Error" 
specification is available which describes the 


sum total of all deviations between the actual conver- 
sion process and an ideal converter. However, the vari- 
ous sub-components of error are important 
in many 


applications. These error components are described in 
Section 3.5 and in the text below where ideal and actual 
converters are compared. 


An unavoidable error simply results from the conver- 
sion of a continuous voltage to an integer digital repre- 
sentation. This error is called quantizing error, and is 
always ± 0.5 LSB. Quantizing error is the on,Iy error 
Seen in a perfect A/D converter, and is obviously pres- 
ent in actual converters. Figure 15 shows the transfer 
function for an ideal 3-bit AID converter (i.e. the Ideal 
Characteristic). 


Note that in Figure 15 the Ideal Characteristic possess- 
es unique qualities: it's first code transition occurs when 
the input voltage is 0.5 LSB; it's full-scale code tran- 
sition occurs when the input voltage equals the full- 
scale reference minus 1.5 LSB; and it's code widths are 
all exactly one LSB. These qualities result in a digitiza- 
tion without offset, full-scale or linearity errors. In oth- 
er words, a perfect conversion. 
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Figure 16 shows an Actual Characteristic of a hypo- 
thetical 3-bit converter, which is not perfect. When the 
Ideal Characteristic is overlaid with the imperfect char- 
acteristic, the actual converter is seen to exhibit errors 
in the location of the first and final code transitions and 
code widths. The deviation of the first code transition 
from ideal is called "zero offset", and the deviation of 
the fmal code transition from ideal is "full-scale error". 
The deviation of the code widths from ideal causes two 
types of errors. Differential Non-Linearity and Non- 
Linearity. Differential Non-Linearity is a local linearity 
error measurement, whereas Non-Linearity is an over- 
all linearity error measure. 


Differential Non-Linearity is the degree to which actual 
code widths differ from the ideal one LSB width. Dif- 
ferential Non-Linearity gives the user a measure of how 
much the input voltage may have changed in order to 
produce a one count change in the conversion result. 
Non-Linearity is the worst case deviation of code tran- 
sitions from the corresponding code transitions of the 
Ideal 
Characteristic. 
Non-Linearity 
describes 
how 


much Differential Non-Linearities could add up to pro- 
duce an overall maximum departure from a linear char- 
acteristic. If the Differential Non-Linearity errors are 
too large, it is possible for an AID converter to miss 
codes or exhibit non-monotonicity. Neither behavior is 
desireable in a closed-loop system. A converter has no 
missed codes if there exists for each output code a 
unique input voltage range that produces that code 
only. A converter is monotonic if every subsequent 
code change represents an input voltage change in the 
same direction. 


Differential 
Non-Linearity 
and 
Non-Linearity 
are 


quantified by measuring the Terminal Based Linearity 
Errors. A Terminal Based Characteristic results when 
an Actual Characteristic is shifted and rotated to elimi- 
nate zero offset and full-scale error (see Figure 17). The 
Terminal Based Characteristic is similar to the Actual 
Characteristic that would be seen if zero offset and full- 
scale error were externally trimmed away. In practice, 
this is done by using input circuits which include gain 
and 
offset trimming. 
In 
addition, 
VREF 
on 
the 


8096BH could also be closely regulated and trimmed 
within the specified range to affect full-scale error. 


Other factors that affect a real AID Converter system 
include sensitivity to temperature, failure to completely 
reject all unwanted signals, multiplexer channel dissim- 
ilarities and random noise. Fortunately these effects are 
small. 


Temperature sensitivities are described by the rate at 
which typical specifications change with a change in 
temperature. 


Undesired signals come from three main sources. First, 
noise on YCC-YCC 
Rejection. Second, input signal 


changes on the channel being converted after the sam- 
ple window has closed-Feedthrough. 
Third, signals 


applied to channels not selected by the multiplexer- 
Off-Isolation. 


Finally, multiplexer on-channel resistances differ slight- 
ly from one channel to the next causing Channel-to- 
Channel Matching errors, and random noise in general 
results in Repeatability errors. 


The 8X9X AID 
Converter does not have an internal 


Sample-and-Hold, and the conversion time is 168 state 
times (42 IJ.S with 12 MHz clock). These differences pri- 
marily influence the interface circuitry and the rate at 
which sampling can be done. 


For the 8X9X, the idealized circuit in Figure 13 is still 
applicable. The only real difference is that the capacitor 
labeled Cs has a smaller value on 8X9X devices, but it is 
charged 10 times during a conversion. Since the actual 
Cs on 8X9X parts is about 0.5 pF, an effective Cs of 
5.0 pF (10 X 0.5 pF) can be used as the internal capaci- 
tance that must be charged during a conversion. The 
value of R[and h are nominally 5 kO and 3 jJA respec- 
tively. 


Given these values, external circuits with source imped- 
ances of 1 KO or less will be able to maintain an input 
voltage within a tolerance of about ± 0.6 LSB (1.0 KO 
X 3.0 jJA = 3.0 mV) given the D.C. leakage. Source 
impedances above 2 KO will induce an external error of 
at least one LSB due to the voltage drop caused by the 
3 jJA leakage. In addition, source impedances above 
25 KO may degrade converter accuracy as a result of 
inadequate internal capacitor charging. 


On 8X9X devices, the analog input is sampled 10 times 
while a conversion is in progress. Therefore, the input 
must remain stable so that conversion accuracy is not 
affected. If the input signal could vary significantly 
while a conversion is in progress, an external capacitor 
attached directly to the analog input pin could be used as 
a Sample-and-Hold. Since the internal capacitance is 
around 5.0 pF, an external 0.01 p.F capacitor (2048 X 
5.0pF) should provide an accurate input voltage to ±0.5 
LSB. If there is leakage on the capacitor, the value of the 
capacitor must be increased to compensate for the leak- 
age. For example, assuming just the 3 jJA D.C leakage 
caused by the 8X9X, 1m V (less than 0.25 LSB) will be 
lost from a 0.15 p.F capacitor in 42 IJ.S. Therefore, the 
capacitor connected externally to the pin should be at 
least 0.2 p.F. However, if the external signal changes 
slowly relative to the conversion time (168 state times), it 
is recommended that the largest acceptable capacitance 
be used given the input signal frequency. 


inter 


Figure 14 shows a simple interface 
which could be appli- 


cable to 8X9X devices if the size of the capacitor attached 
to the analog 
input pin is increased 
to a value greater 


than 0.2 1JoF. The circuit in the figure 
also provides 
limit- 


ed protection 
against over-voltage 
conditions 
on the ana- 


log inputs. 
However, 
before any circuit is used in an ac- 


tual 
application, 
it should 
be thoroughly 
analyzed 
for 


applicability 
to the specific problem 
at hand. 


ABSOLUTE 
ERROR-The 
maximum difference be- 


tween corresponding actual and ideal code transitions. 
Absolute Error accounts for all deviations of an actual 
converter from an ideal converter. 


ACfUAL CHARACfERISTIC-The 
characteristic of 


an actual converter. The characteristic of a given con- 
verter may vary over temperature, supply voltage, and 
frequency conditions. An Actual Characteristic rarely 
has ideal first and last transition locations or ideal code 
widths. It may even vary over multiple conversion un- 
der the same conditions. 


BREAK-BEFORE·MAKE-The 
property of a multi- 


plexer which guarantees 
that 
a previously selected 


channel will be deselected before a new channel is se- 
lected. 
(e.g. 
the 
converter 
will 
not 
short 
inputs 


together.) 


CHANNEL-TO-CHANNEL 
MATCHING-The 
dif- 
ference between corresponding code transitions of actu- 
al characteristics taken from different channels under 
the same temperature. 
voltage and frequency condi- 


tions. 


CHARACfERISTIC-A 
graph of input voltage ver- 


sus the resultant output code for an AID converter. It 
describes the transfer function of the AID converter. 


CODE CENTER-The 
voltage corresponding to the 


midpoint between two adjacent code transitions. 


CODE TRANSITION-The 
point at which the con- 


verter changes from an output code of Q. to a code of 
Q+ 1. The input voltage corresponding to a code tran- 
sition is defined to be that voltage which is equally like- 
ly to produce either of two adjacent codes. 


CODE WIDTH-The 
voltage corresponding 
to the 


difference between two adjacent code transitions. 


D.C. INPUT LEAKAGE-Leakage 
current to ground 


from an analog input pin. 


DIFFERENTIAL 
NON-LINEARITY-The 
differ- 


ence between the ideal and actual code widths of the 
terminal based characteristic of a converter. 


FEEDTHROUGH-Attenuation 
of a voltage applied 


on the selected channel of the AID converter after the 
sample window closes. 


FULL SCALE ERROR-The 
difference between the 


expected and actual input voltage corresponding to the 
full scale code transition. 


IDEAL CHARACfERISTIC-A 
characteristic 
with 


its first code transition at YIN = 0.5 LSB. its last code 
transition at YIN = (VREF - 
1.5 LSB) and all code 


widths equal to one LSB. 


INPUT RESISTANCE-The 
effective series resistance 


from the analog input pin to the sample capacitor. 


LSD-LEAST 
SIGNIFICANT 
BIT: The voltage value 


corresponding to the full scale voltage divided by 2n• 
where n is the number of bits of resolution of the con- 
verter. For a IO-bit converter with a reference voltage 
of 5.12 volts. one LSB is 5.0 mY. Note that this is 
different than digital LSBs, since an uncertainty of two 
LSB, when referring to an AID 
converter, 
equals 


10 mY. (This has been confused with an uncertainty of 
two digital bits. which would mean four counts, or 
20 mY.) 


MONOTONIC-The 
property of successive approxi- 


mation converters which guarantees that increasing in- 
put voltages produce adjacent codes of increasing value, 
and that decreasing input voltages produce adjacent 
codes of decreasing value. 


NO MISSED 
CODES-For 
each and every output 


code, there exists a unique input voltage range which 
produces that code only. 


NON-LINEARITY-The 
maximum deviation of code 


transitions of the terminal based characteristic from the 
corresponding code transitions of the ideal characteris- 
tics. 


urr-l;:'ULAllU1'l-AnenUanon 
01 a vonage applll:u 
on a deselected channel of the AID converter. (Also 
referred to as Crosstalk.) 


REPEATABILITY-The 
difference between corre- 


sponding code transitions from different actual charac- 
teristics taken from the same converter on the same 
channel at the same temperature, voltageand frequency 
conditions. 


RESOLUTION-The 
number of input voltage levels 


that the converter can unambiguously distinguish be- 
tween. Also defines the number of useful bits of infor- 
mation which the converter can return. 


SAMPLE DELAY-The 
delay from receivingthe start 


conversion signal to when the sample window opens. 


SAMPLE DELAY UNCERTAINTY-The 
variation 


in the Sample Delay. 


SAMPLE TIME-The 
time that the sample window is 


open. 


SAMPLE TIME UNCERTAINTY-The 
variation in 


the sample time. 


SAMPLE WINDOW-Begins 
when the sample capac- 
itor is attached to a selected channel and ends when the 
sample capacitor is disconnected from the selected 
channel. 


SUCCESSIVE APPROXIMATION-An 
AID con- 


version method which uses a binary search to arrive at 
the best digital representation of an analog input. 


TEMPERATURE COEFFICIENTS-Change 
in the 


stated 
variable per degree centigrade temperature 


change. Temperature coefficientsare added to the typi- 
cal values of a specificationto see the effectof tempera- 
ture drift. 


J..c.l'U".1.1.1~Jt.L 
Dft~.c.J..I 
••..... 
Cl.Jt.n..tt. ••..... 
.I..£In.1.~.I.J.'-'-ruj 
.M..\"'~ 


tual Characteristic which as been rotated and translat- 
ed to remove zero offset and full-scale error. 


VCC REJECTION-Attenuation 
of noise on the VCC 


line to the AID converter. 


ZERO OFFSET-The 
differencebetween the expected 


and actual input voltage corresponding to the first code 
transition. 


Analog outputs can be generated by two methods, ei- 
ther by using the PWM output or the HSO. Either 
devicewill generate a rectangular pulse train that varies 
in duty cycle and (for the HSO only) period. If a 
smooth analog signal is desired as an output, the rec- 
tangular waveform must be filtered. 


In most cases this filtering is best done after the signal 
is buffered to make it swing from 0 to 5 volts since both 
of the outputs are guaranteed only to TTL levels. A 
block diagram of the type of circuit needed is shown in 
Figure 18.By proper selection of components, account- 
ing for temperature and power supply drift, a highly 
accurate 8-bit D to A converter can be made using ei- 
ther the HSO or the PWM output. Figure 19shows two 
typical circuits. If the HSO is used the accuracy could 
be theoretically extended to 16-bits, however the tem- 
perature and noise related problems would be extreme- 
ly hard to handle. 


When driving some circuits it may be desirable to use 
unfiltered Pulse Width Modulation. This is particularly 
true for motor drive circuits. The PWM output can be 
used to generate these waveforms if a fixed period on 
the order of 64 J.l.sis acceptable. If this is not the case 
then the HSO unit can be used. The HSO can generate 
a variable waveform with a duty cycle variable in up to 
65536 steps and a period of up to 131 milliseconds. 
Both of these outputs produce TTL levels. 


8096BH 
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FILTER 


HSO 
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OR 
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The I/O pins on the 8096BH are sampled and changed 
at specific times within an instruction cycle. The chang- 
es occur relative to the internal phases shown in Figure 
4. Note that the delay from XTALl 
to the internal 


clocks range from about 30 ns to 100 ns over process 
and temperature. Signals generated by internal phases 
are further delayed by 5 ns to 15 ns. The timings shown 
in this section are idealized; no propagation delay fac- 
tors have been taken into account. Designing a system 
that depends on an I/O pin to change within a window 
of less than 50 ns using the information in this section is 
not recommended. 


Changes in the HSO lines are synchronized to Timer 1. 
All of the external HSO lines due 'to change at a certain 
value of a timer will change just pior to the increment- 
ing of Timer 1. This corresponds to an internal change 


during Phase B every eight state times. From an exter- 
nal perspective the HSO pin should change just prior to 
the rising edge of CLKOUT and be stable by its falling 
edge. Information from the HSO can be latched on the 
CLKOUT falling edge. Internal events can occur any- 
time during the 8 state time window. 


Timer 2 is synchronized to increment no faster than 
Timer 1, so there will always be at least one increment- 
ing of Timer 1 while Timer 2 is at a specific value. 


The HSI pins are sampled internally once each state 
time. Any value on these pins must remain stable for at 
least 1 full state time to guarantee that it is recognized. 
The actual sample occurs at the end of Phase A, which, 
due to propagation delay, is just after the rising edge of 
CLKOUT. Therefore, if information is to be synchro- 
nized to the HSI it should be latched-in on CLKOUT 
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falling. The time restriction 
applies even if the divide by 


eight 
mode 
is being 
used. 
If two events 
occur 
on the 


same pin within 
the same 8 state time window, 
only one 


of the events 
will be recorded. 
If the events 
occur 
on 


different 
pins they 
will always 
be recorded, 
regardless 


of the time difference. 
The 8 state time window, 
(i.e. the 


amount 
of time 
during 
which 
Timer 
I remains 
con- 


stant), 
is stable 
to within 
about 
20 ns. The 
window 


starts 
roughly 
around 
the 
rising 
edge 
of CLKOUT, 


however 
this 
timing 
is very 
approximate 
due 
to the 


amount 
of internal 
circuitry 
involved. 


Port 
0 is different 
from the other 
digital 
ports in that it 


is actually 
part of the AID 
converter. 
The port is sam- 


pled 
once 
every 
state 
time, 
however, 
sampling 
is not 


synchronized 
to Timer 
I. If this port is used, the input 


signal 
on the pin must 
be stable 
one state 
time before 


the reading 
of the SFR. 


On 8X9X devices, Port 0 is sampled every eight state 
times (the same frequency at which the comparator is 
charged-up during an A/D conversion). This 8state time 
counter is not synchronized with Timer J. If this port is 
used, the input signal on the pin must be stable 8 state 
times prior to reading the SFR. 


Port 
I and 
Port 
2 have 
quasi-bidirectional 
I/O 
pins. 


When 
used 
as inputs 
the 
data 
on these 
pins 
must 
be 


stable 
one state 
time 
prior 
to reading 
the 
SFR. 
This 


timing is also valid for the input-only 
pins of Port 2 and 


is similar 
to the HSI in that the sample 
occurs just after 


the rising edge of CLKOUT. 
When used as outputs, 
the 


quasi-bidirectional 
pins will change 
state 
shortly 
after 


CLKOUT 
falls. If the change 
was from '0' to a 'I' 
the 


low impedance 
pullup 
will remain 
on for one state time 


after the change. 


Ports 
3 and 
4 
are 
addressed 
as 
off-chip 
memory- 


mapped 
I/O. 
The 
port 
pins 
will change 
state 
shortly 


after the rising edge of CLKOUT. 
When 
these pins are 


used as Ports 
3 and 4 they are open drains, 
their struc- 


ture is different 
when 
they are used as part 
of the bus. 


See Section 
10.4 of the MCS-96 
Architecture 
chapter. 
Additional 
inforlI\ation 
on port reconstruction 
is avail- 


able in Section 
7.8 of this chapter. 


The serial port on the 8096BH 
was designed 
to be com- 


patible 
with the 8051 serial port. 
Since the 8051 uses a 


divide 
by 2 clock 
and the 8096BH 
uses a divide 
by 3, 
the serial port on the 8096BH 
had to be provided 
with 


its own clock circuit 
to maximize 
its compatibility 
with 


the 8051 at high baud rates. 
This means 
that the serial 


port 
itself does 
not 
know 
about 
state 
times. 
There 
is 


circuitry 
which is synchronized 
to the serial port and to 


the 
rest 
of the 
8096BH 
so that 
information 
can 
be 


passed 
back and forth. 


The baud rate generator 
is clocked 
by either XT AL 1 or 


T2CLK. 
Because 
T2CLK 
needs to be synchronized 
to 


the XTALl 
signal its speed must be limited 
to '/.6 that 


of XT AL I. The serial port will not function 
during 
the 


time between 
the consecutive 
writes 
to the 
baud 
rate 


register. 
Section 
11.4 of the MCS-96 
Architecture 
chap- 


ter discusses 
programming 
the baud rate generator. 


Mode 0 is the shift register 
mode. 
The TXD 
pin sends 


out a clock train, 
while the RXD 
pin transmits 
or re- 


ceives 
the 
data. 
Figure 
20 shows 
the 
waveforms 
and 


timing. 
Note that the port starts 
functioning 
when a 'I' 


is written 
to the REN 
(Receiver 
Enable) 
bit in the serial 


port 
control 
register. 
If REN 
is already 
high, 
clearing 


the RI flag will start 
a reception. 


In this mode the serial port can be used to expand 
the 


I/O 
capability 
of the 
8096BH 
by simply 
adding 
shift 


registers. 
A schematic 
of a typical 
circuit 
is shown 
in 


Figure 
21. This circuit 
inverts 
the data coming 
in, so it 


must 
be reinverted 
in software. 
The 
enable 
and 
latch 


connections 
to the shift registers 
can be driven 
by de- 


coders, 
rather 
than 
directly 
from 
the 
low speed 
I/O 


ports, 
if the 
software 
and 
hardware 
are 
properly 
de- 


signed. 


Mode 
1 operation 
of the serial port makes 
use of IO-bit 


data packages, 
a start bit, 8 data bits and a stop bit. The 


transmit 
and receive 
functions 
are controlled 
by sepa- 


rate shift clocks. 
The transmit 
shift clock 
starts 
when 


the baud 
rate generator 
is initialized, 
the receive 
shift 


clock 
is reset 
when 
a 'I 
to 0' transition 
(start 
bit) 
is 


received. 
The 
transmit 
clock 
may 
therefore 
not be in 


sync with the receive 
clock, although 
they will both be 


at the same frequency. 


The 
TI 
(Transmit 
Interrupt) 
and 
RI 
(Receive 
Inter- 


rupt) 
flags are set to indicate 
when operations 
are com- 


plete. TI is set when the last data bit of the message 
has 


been sent, not when the stop bit is sent. If an attempt 
to 


send another 
byte is made before the stop bit is sent the 


port will hold off transmission 
until the stop bit is com- 


plete. RI is set when 8 data bits are received, 
not when 


the stop bit is received. 
Note 
that when 
the serial port 


status 
register 
is read both TI and RI are cleared. 
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Caution should be used when using the serial port to 
connect more than two devices in half-duplex, (i.e. one 
wire for transmit and receive). If the receiving proces- 
sor does not wait for one bit time after RI is set before 
starting to transmit, the stop bit on the link could be 
squashed. This could cause a problem for other devices 
listening on the link. 


Modes 2 and 3 operate in a manner similar to that of 
Mode I. The only difference is that the data is now 
made up of 9 bits, so I I-bit packages are transmitted 
and received. This means that TI and RI will be set on 
the 9th data bit rather than the 8th. The 9th bit can be 
used for parity or multiple processor communications 
(see Section I I of the MCS-96 Architecture chapter). 


7.0 
BUS TIMING 
AND MEMORY 


INTERFACE 


7.1 
Bus Functionality 


The 8096BH has a multiplexed 
(address/data) 
bus 


which can be dynamically configured to have an 8-bit 
or 16-bit data width. There are control lines to demulti- 
plex the bus (ALE or ADV), indicate reads (RD), indi- 
cate writes (WRL and WRH, or WR with BHE and 
ADO), and a signal to indicate accesses that are for an 
instruction fetch (INST). Section 3.5 of the MCS-96 
Architecture chapter contains an overview of the bus 
operation. 


On 8X9X devices only the 16-bit multiplexed 
bus is 


available. In addition, on 8X9X devices the WRL and 
WRH signals are not available and the functionality of 
the BHE and INST lines differs from the 8X9XBH de- 
vices. See the data sheet of the device that you use. 


Figure 22 shows the timing of the bus signals and data 
lines. Please refer to the latest data sheet for the exact 
device you are using to ensure that your system is de- 
signed to the proper specifications. The major timing 
specifications are described in Figure 23. 


When the processor has to address a memory location 
that cannot respond within the standard specifications, 
it is necessary to use the READY line to generate wait 
states. When the READY line is held low, the proces- 
sor waits in a loop for the line to come high or until the 


DATA 
OUT 


TQVWH ----1 


VALID 


TWLWH 


VALID 


NOTES: 
1. When ALEfunctionis selected, the signal is always highfor TLHLL.When ADVfunctionis selected, the signal is high 
for at least TLHLL. 
2. The dotted lineapplies for all S-bitbus writes and 16-bitbus writeswiththe writestrobe mode selected. 
3. S·bitbus only. 


the Chip Configuration Register (see Section 2 of the 
MCS-96 Architecture chapter). There is a maximum 
time that the READY line can be held low without 
risking a processor malfunction due to dynamic nodes 
that have not been refreshed during the wait states. 
This time is shown as TYLYH in the data sheet. 


In most cases the READY line is brought low after the 
address is decoded and it is determined that a wait state 
is needed. It is very likely that some addresses, such as 
those addressing memory mapped peripherals, would 
need wait states, and others would not. The READY 
line must be stable within the TLLYV specification af- 
ter ALE falls or the processor could lock-up. There is 
no requirement as to when READY may go high, as 
long as the maximum READY low time (TYLYH) is 
not violated. To ensure that only one wait state is in- 
serted it is necessaryto provide external circuitry which 
brings READY high TLLYH after the falling edge of 
ALE/ ADV, or program the Chip Configuration Regis- 
ter to select a Ready Control limit of one. 
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edge of Phase A after ALE/ ADV falls. Phase A is butT- 
ered and brought out externally as CLOCKOUT, so 
CLOCKOUT is a delayed Phase A. If a I is seen, the 
bus cycle proceeds uninterrupted with no wait state in- 
sertions. If a 0 is seen, one wait state (3 Tosc) is insert- 
ed. 


If a wait state is inserted, READY is internally latched 
on the next rising edge of Phase A. If a I is found the 
bus cycle resumes with the net impact being the inser- 
tion of one wait state. If a 0 is seen, a second wait state 
is inserted. 


The READY pin is again latched on the next rising 
edge of CLOCKOUT if two wait states were inserted. 
If the chip sees a I, the bus cycle is resumed with the 
result being an insertion of two wait states. If another 0 
is seen, a third wait state is inserted in the bus cycle and 


Definitions of A. C. timing specifications differ slightly 
on 8X9X devices. See the data sheet for the part you 
are usingfor more information. 


Timings the Memory System Must 
Meet 


TLLYH-ALE/ 
ADV low to READY high: Maxi- 


mum time after ALE/ ADV falls until READY is 
brought high to ensure no more wait states. If this 
time is exceeded unexpected wait states may result. 
Nominally 1Tosc + 3 Tosc X number of wait states 
desired. 


TLLYV-ALE/ 
ADV low to READY low: Maxi- 


mum time after ALE/ ADV falls until READY must 
be valid. If this time is exceeded the part could mal- 
function necessitating a chip reset. Nominally 2 Tosc 
periods. 


TCLYX-READY 
hold after CLOCKOUT low: 
Minimum time that the value on the READY pin 
must be valid after CLOCKOUT falls. The minimum 
hold time is always zero nanoseconds. 


TYLYH-READY 
low to READY high: Maximum 


time the part can be in the not-ready state. If it is 
exceeded,the 8096BH dynamic nodes which hold the 
current instruction may 'forget' how to finish the in- 
struction. 


TAVDV-ADDRESS 
valid to DATA valid: Maxi- 


mum time that the memory has to output valid data 


after the 8096BH outputs a valid address. Nominally, 
a maximum of 5 Tosc periods. 


TAVGV-ADDRESS 
valid to BUSWIDTH valid: 


Maximum time after ADDRESS becomes valid until 
BUSWIDTH must be valid. Nominally less than 2 
Tosc periods. 


TLLGV-ALE/ADV 
low to BUSWIDTH valid: 


Maximum time after ALE/ ADV is low until BU- 
SWIDTH must be valid. If this time is exceeded the 
part could malfunction necessitating a chip reset. 
Nominally less than 1 Tosc. 


TLLGX-BUSWIDTH 
hold after ALE/ ADV low: 


Minimum time that BUSWIDTH must be valid after 
ALE/ ADV is low Nominally I Tosc. 


TRLDV-READ 
low to DATA valid: Maximum 


time that the memory has to output data after READ 
goes low. Nominally, a maximum of 3 Tosc periods. 


TRHDZ-READ 
high to DATA float: Time after 


READ is high until the memory must float the bus. 
The memory signal can be removed as soon as READ 
is not low, and must be removed within the specified 
maximum time from when READ is high. Nominally 
a maximum of I Tosc period. 


TRHDX-DATA 
hold after READ goeshigh: Mini- 


mum time that memory must hold input DATA valid 
after RD is high. The hold time minimum is always 
zero nanoseconds. 


Figure 23. Timing Specification 
Explanations 
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Timings the 8096 Will Provide 


TOHCH-XTALl 
high to CLOCKOUT high: Delay 
from the rising edge of XTAL I to the resultant rising 
edge on CLOCKOUT. Needed in systems where the 
signal driving XTALl 
is also used as a clock for ex- 
ternal devices. Typically 50 to 100 nanoseconds. 


TCHCH.........cLKOUT high to CLKOUT 
high: The 


period of CLKOUT 
and the duration of one state 


time. Always 3 Tosc average, but individual periods 
could vary by a few nanoseconds. 


TCHCL.........cLKOUThigh to CLKOUT low: Nomi- 
nally I Tosc period. 


TCLLH.........cLKOUTlow to ALE high: A help in de- 
riving other timings. Typically plus or minus 5 ns to 
10 ns. 


TCL VL.........cLOCKOUTlow to ALE/ ADV low: A 
help in deriving other timings. Nominally I Tosc. 


TLLCH-ALE/ 
ADV low to CLKOUT high: Used 


to derive other timings, nominally I Tosc period. 


TLHLL-ALE/ 
ADV 
high 
to 
ALE/ ADV 
low: 
ALE/ ADV high time. Useful in determining ALE/ 
ADV rising edge to ADDRESS valid time. Nominal- 
ly I Tosc period for ALE and I Tosc for ADV with 
back-to-back bus cycles. 


TAVLL-ADDRESS 
valid 
to 
ALE/ADV 
low: 
Length of time ADDRESS is valid before ALE/ ADV 
falls. Important 
timing for address latch circuitry. 
Nominally I Tosc period. 


TLLAX-ALE/ 
ADV 
low to ADDRESS 
invalid: 
Length of time ADDRESS is valid after ALE/ ADV 
falls. Important 
timing for address latch circuitry. 
Nominally I Tosc period. 


TLLRrr-:-ALE/ ADV low to READ or WRITE low: 
Length of time after ALE/ ADV falls before RD or 
WR fall. Could be needed to ensure that proper mem- 
ory decoding takes place before it is output enabled. 
Nominally I Tosc period. 


TLLHL-ALE/ 
ADV low to WRL, WRH low: Min- 


imum time after ALE/ ADV is low that the write 
strobe signals will go low. Could be needed to ensure 


that proper memory decoding takes place before it is 
output enabled. Nominally 2 Tosc periods. 


TRLRH-READ 
low to READ 
high: RD 
pulse 


width, nominally I Tosc period. 


TRHLH-READ 
high to ALE/ ADV high: Time be- 


tween RD going inactive and next ALE/ ADV, also 
used to calculate time between RD inactive and next 
ADDRESS valid. Nominally I Tosc period. 


TRHBX-READ 
high to INST, BHE, AD8-15 
In- 


active: Minimum time that the INST and BHE lines 
will be valid after RD goes high. Also the minimum 
time that the upper eight address lines (8-bit bus 
mode) will remain valid after RD goes high. Nomi- 
nally I Tosc. 


TWHBX-WRITE 
high to INST, BHE, AD8-15 


Inactive: Minimum time that the INST and BHE 
lines will be valid after WR goes high. Also the mini- 
mum time that the upper eight address lines (8-bit bus 
mode) will remain valid after WR goes high. Nomi- 
nally I Tosc. 


TWLWH-WRITE 
low to WRITE 
high: Write 


pulse width, nominally 3 Tosc periods. 


THLHH-WRL, 
WRH low to WRL, WRH high: 


Write strobe signal pulse width. Nominally 2 Tosc 
periods. 


TQVHL-OUTPUT 
valid to WRL, WRH low: Min- 


imum time that OUTPUT data is valid prior to write 
strobes becoming active. Needed for interfacing to 
memories that read data on the falling edge of write. 
Nominally I Tosc. 


TQVWH--0UTPUT 
valid to WRITE J!!gh: 
Time 


that the OUTPUT data is valid before WR is high. 
Nominally 3 Tosc periods. 


TWHQX-WRITE 
high to OUTPUT 
not 
valid: 


Time that the OUTPUT data is valid after WR is 
high. Nominally I Tosc period. 


TWHLH-WRITE 
high to ALE/ ADV high: Time 


between write high and next ALE/ ADV, also used to 
calculate the time between WR high and next AD- 
DRESS valid. Nominally 2 Tosc periods. 


the READY pin is again latched on the following rising 
edge of CLOCKOUT. If internal Ready Control is not 
used, the READY line must at this point be a I to 
ensure proper operation. 


On 8X9X devices there is no internal Ready Control, 
therefore, external circuitry must completely control the 
insertion of wait states into 8X9X bus cycles. 
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MCS@·96HARDWAREDESIGN 
INFORMATION 


The INST (Instruction) line is high during bus cycles 
that are for an instruction fetch and low for any other 
bus cycle. The INST signal (not present on 48-pin ver- 
sions) can be used with a logic analyzer to debug a 
system. In this way it is possible to determine if a fetch 
was for instructions or data, making the task of tracing 
the program much easier. 


On 8X9X devices the INST line is high during the output 
of an address that is for an instruction fetch. It is low 
during the same time for any. other memory access. At 
any other time it is not valid. 


The BUSWIDTH pin is a control input which deter- 
mines the 
width of the bus access in progress. 
BUSWIDTH is sampled after the rising edge of the first 
CLOCKOUT after ALE/ ADY goes low. If a one is 
seen, the bus access progresses as a l6-bit cycle. If a 
zero is seen, the bus access progresses as an 8-bit cycle. 
The BUSWIDTH setup and hold timing requirements 
appear in the data sheet. 


The BUSWIDTH pin can be overridden by causing the 
BUS WIDTH SELECT bit in the Chip Configuration 
Register (CCR) to be zero. This will permanently select 
an 8-bit bus width. However, if the BUS WIDTH SE- 
LECT bit in the CCR is a one, the BUSWIDTH pin 
determines the bus width. See Section 3.5 of the 
MCS-96 Architecture chapter. Since the BUSWIDTH 
pin is not available on 48-pin parts, the BUS WIDTH 
SELECT bit in the CCR determines bus width. 


On 8X9X devices, the 8-bit bus is not available, the CCR 
does not exist and the BUSWIDTH 
pin is named the 


TEST pin. The TEST pin is used for testing purposes 
and should be tied to VCC in application circuits. 


The multiplexed bus of the 8096BH must be demulti- 
plexedbefore it can be used. This can be done with two 
74LS373 transparent latches for an 8096BH in 16-bit 
bus mode, or one 74LS373for an 8096BH in 8-bit bus 
mode. As explained in Section 3.5 of the MCS-96 Ar- 
chitecture chapter, the latched address signals will be 
referred to as MAOthrough MAl5 (Memory Address), 
and the data lines will be called MOO through MDl5 
(Memory Data). 


Since the 8096BH can make accesses to memory for 
either bytes or words, it is necessary to have a way of 
determining the type of access desired when the bus is 
l6-bits wide. For write cycles, the signals Write Low 
(WRL) and Write High (WRH) are provided. WRL 
will go low during all word writes and during all byte 
writes to an even location. Similarly, WRH will go low 
during all word writes and during all byte writes to an 
odd location. During read cycles, an 8096BH in l6-bit 
bus mode will always do a word read of an even loca- 
tion. If only one byte of the word is needed, the chip 
discards the byte it does not need. 


Since 8096BH memory accessesover an 8-bit wide bus 
are always bytes, only one write strobe is needed for 
write cycles. For this purpose the WRL signal was 
made to go low for all write cycles during 8-bit bus 
accesses. When a word operation is requested, the bus 
controller performs two byte-wide bus cycles. 


In many cases it may be desirable to have a write signal 
with a longer pulse width than WRL/WRH. The Write 
(WR) line of the 8096BH is an alternate control signal 
that shares a pin with WRL and is only available in 
l6-bit bus mode. WR is nominally one Tosc longer 
than the WRL/WRH 
signals, but goes low for any 


write cycle. Therefore it is necessary to decode for the 
type of write (byte or word) desired. 


The Byte High Enable (BHE) signal and MAOcan be 
used for this purpose. BHE is an alternate control sig- 
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Figure 24. Decoding 
WR and SHE to Generate 
Write Low and WriteHigh 
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nal that shares a pin with WRH. When BHE is low, the 
high byte of the 16-bit bus is enabled. When MAO is 
low, the lower byte is enabled. When MAO is low and 
BHE is low, both bytes are enabled. Figure 24 shows 
how to use WR, BHE and MAO to decode bus accesses. 
It's important to note that this decoding inserts a delay 
in the write signal which must be considered in a sys- 
tem timing analysis. 


On 8X9X devices, only the RD, WR and BHE signals 
are availablefor bus control. This means that discrimi- 
nating between byte and word bus accessesmust be done 
by decoding WR, BHE and MAO as described above. 


Further, the WR signal on 8X9X devices is nominally 
the same 
width as the 
WRL 
and 
WRH 
signals. 


8X9XBH devices (2 Tosc), and the BHE signal must be 
latched since it is valid only while the address is valid. 
See Figure 24 and the data sheet of the device that you 
use. 


External memory systems for the 8096BH can be set up 
in many ways. Figures 25 through 28 show block dia- 
grams of memory systems using an 8-bit bus with a 
single EPROM, 
using an 8-bit bus with RAM and 


EPROM, 
using 
a 
16-bit bus 
with 
two 
external 


EPROMs and using a l6-bit bus in a RAM and ROM 
system. 
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OE 
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HIGH ADDRESS 


DATA 


8X9XBH 
EPROM 


ADO-7 
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ADV 
CS 
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OE 
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HIGH ADDRESS 


EPROM 
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Cs 


HIGH ADDRESS 


EPROM 


BUSWIDTH 


ADS-15 
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To verify that a system such as the one in Figure 29 will 
work with the 8096BH, it is necessary to check all of 
the timing parameters. Let us examine this system one 
parameter at a time using representative 8096BH speci- 
fications. These specifications will be different for each 
part number and temperature range, so the results of 
this example must be modified based on the most recent 
data sheet for the specific part to be used. 


The timings of signals that the processor and memory 
use are affected by the latch and buffer circuitry. The 
timings of the signal provided by the processor are de- 
layed by various amounts of time. Similarly, the signals 
coming back from the memory are also delayed. The 
calculations involved in verifying this system follow: 


The address lines are delayed by passing them through 
the 74LS373s, this delay is specified at 18 ns after Ad- 
dress is valid or 30 ns after ALE is high. Since the 
signal may be limited by either the ALE timing or the 
Address timing, these two cases must be considered. 


Tosc - 
25 
(TLHLL) 


Minimum Addr set-up to ALE falling = Tosc - 25 
(TAVLL) 


WRH 
OIR 


WRL 


RD 


t.4A8-t.4A15 8 


t.4Al-t.4A77 


AO-A6 


Therefore, in the worst case, ALE would occur 0 ns 
before Address valid. 


Total delay from 8096BH Address stable to MA (Mem- 
ory Address) stable would be: 


ALE delay from address 
- 
0 


74LS373 clock to output 
---.lQ 


30 nanoseconds 


74LS373 Data Valid to Data Output 
onds 


In the worst case, the delay in Address valid is con- 
troled by ALE and has a value of 30 nanoseconds. 


Delay of Data Transfer to/from Processor-12 
nano- 


seconds 


The RD low to Data valid specification (TRLDV) is 
3 Tosc - 
50, (200 ns at 12 MHz). The 74LS245 is 
enabled by RD and has a delay of 40 ns from enable. 
The enable delay is clearly not a problem. 


The 74LS245 is enabled for write, except during a read, 
so there is no enable delay to consider for write opera- 
tions. 


CHARACTERISTICS 
OF A 12 MHz 8096BH 


SYSTEM 
WITH 
LATCHES 


TAVDV 
Address Delay 
Data Delay 


TRLDV 
Address Delay 
Data Delay 


TLLRL 
TAVLL 
Address Delay 
WR Delay 


345.6 ns max. (5 Tosc - 
70) 
- 
30.0 ns maximum 
- 
12.0 ns maximum 
303.6 ns maximum 


200.0 ns max. (3 Tosc - 
50) 


00.0 ns maximum 
12.0 ns maximum 
188.0 ns maximum 


63.3 ns min. (Tosc - 
20) 


158.3 ns min. (Tosc - 
25) 


30.0 ns maximum 
00.0 ns minimum 
91.6 ns minimum 


146.6 ns min. (2 Tosc - 
20) 


146.6 ns minimum 
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TQVWH 
Data Delay 
200.0 ns min. (3 Tosc - 
50) 
12.0 ns maximum 
188.0 ns minimum 


TWHQX 
Data Delay 
58.3 ns min. (Tosc - 
25) 


0.0 ns minimum (no spec) 
58.3 ns minimum 


The two memory devices which are expected to be used 
most often with the 8096BH are the 2764 EPROM and 
the 2128 RAM. The system verification for the 2764 is 
simple. 


(Address valid to Output) < Address valid to Data in 


250 ns < 303 ns O.K. 


(Output Enable to Output) < Read low to Data in 


100 ns < 188 ns O.K. 


These calculations assume no address decoder delays 
and no delays on the RD (OE) line. If there are delays 
in these signals the delays must be added to the 2764's 
timing. 


The read calculations for the 2128 are similar to those 
for the 2764. 


2128-20 Tac < Address valid to Data in 


200 ns < 303 ns O.K. 


2128-20 Toe < Read low to Data in 


65 ns 
< 188 ns O.K. 


The write calculation are it little more involved, but still 
straight-forward. 


2128 Twp (Write Pulse) < Write Pulse Width 


100 ns < 146 ns O.K. 


2128 Tds (Data Setup) < Data Setup to WR rising 


65 ns 
< 188 ns O.K. 


2128 Tdh (Data Hold) < Data Hold after WR 


o ns 
< 58 ns 


All of the above calculations have been done assuming 
that no components are in the circuit except for those 
shown in Figure 29. If additional components are add- 
ed, as may be needed for address decoding or memory 
bank switching, the calculations must be updated to 
reflect the actual circuit. 


When a single-chip system is being designed using a 
multiple chip system as a prototype, it may be neces- 
sary to reconstruct I/O Ports 3 and 4 using a memory- 
mapped I/O technique. The circuit shown in Figure 30 
provides this function. It can be attached to a 8096BH 
system which has the required address decoding and 
bus demultiplexing. 


The output circuitry is basically just a latch that oper- 
ates when lFFEH 
or lFFFH 
are placed on the MA 


lines. The inverters surrounding 
the latch create an 


open-collector output to emulate the open-drain output 
found on the 8096BH. The 'reset' line is used to set the 
ports to all l's when the 8096BH is reset. It should be 
noted that the voltage and current characteristics of the 
port will differ from those of the 8096BH, but the basic 
functionality will be the same. 


The input circuitry is just a bus transceiver that is ad- 
dressed at lFFEH or lFFFH. 
If the ports are going to 


be used for either input or output, but not both, some of 
the circuitry can be eliminated. 


Designing controllers differs from designing other com- 
puter equipment in the area of noise protection. A mi- 
crocontroller circuit under the hood of a car, in a pho- 
tocopier, CRT terminal, or a high speed printer is sub- 
ject to many types of electrical noise. Noise can get to 
the processor directly through the power supply, or it 
can be induced onto the board by electromagnetic 
fields. It is also possible for the PC board to find itself 
in the path of electrostatic discharges. Glitches and 
noise on the PC board can cause the processor to act 
unpredictably, usually by changing either the memory 
locations or the program counter. 


There are both hardware 
and software solutions to 


noise problems, but the best solution is good design 
practice and a few ounces of prevention. The 8096BH 
has a Watchdog Timer which will reset the part if it 
fails to execute the software properly. The software 
should be set up to take advantage of this feature. 


It is also recommended that unused areas of code be 
filled with NOPs and periodic jumps to an error routine 
or RST (reset chip) instructions. This is particularly 
important in the code around lookup tables, since if 
lookup tables are executed all sorts of bad things can 
happen. Wherever space allows, each table should be 
surrounded by 7 NOPs (the longest 8096BH instruction 
has 7 bytes) and a RST or jump to error routine in- 
struction. This will help to ensure a speedy recovery 
should the processor have a glitch in the program flow. 
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OUTPUT 


74LS 
MDO-IIID7 
05 
P3 


(xl 'h) 


WAR 


• 
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• 
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04 
05 
P4 


(xl'h) 
(Xl'h) 


RESET 
INPUT 


ADDR = P3, P4 


liD 


ADO-AD7 


Many hardware solutions exist for keeping PC board 
noise to a minimum. Ground planes, gridded ground 
and VCC structures, bypass capacitors, transient ab- 
sorbers and power busses with built-in capacitors can 
all be of great help. It is much easier to design a board 
with these features than to try to retrofit them later. 
Proper PC board layout is probably the single most 
important and, unfortunately, least understood aspect 
of project design. Minimizing loop areas and induc- 
tance, as well as providing clean grounds are very im- 
portant. More information on protecting against noise 
can be found in the Application Note AP-125, "Design- 
ing Microcontroller Systems for Noisy Environments". 


The MCS-96 family of products is offered in many ver- 
sions. They are available in 48-pin or 68-pin packages, 


with or without on-chip ROM/EPROM 
and with or 


without an AID converter. A summary of the available 
options is shown in Figure 31. 


The 48-pin versions are available in ceramic and plastic 
48-pin Dual-In-Line package (DIP). The ceramic ver- 
sions have part numbers with the prefix "C". The plas- 
tic versions have the prefix "P". 


The 68-pin versions are available in a ceramic pin grid 
array (PGA), a plastic leaded chip carrier (PLCe) and 
a Type B leadless chip carrier (LCe). 
PGA devices 


have part numbers with the prefix "C". PLCC devices 
have the prefix "N". LCC devices have the prefix "R". 


Specifications for the various members of the MCS-96 
family are contained in the next chapter. 


ROMless 
With 
ROM 
With EPROM 


68-pln 
48-pln 
68-pln 
48-pin 
68-pln 
48-pin 


Without A to D 
8096 
8396 
8796 


With A to D 
8097 
8095 
8397 
8395 
8797 
8795 
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10.0 
EPROM 
PROGRAMMING 


(8X9XBH 
ONLY) 


The 879XBH contains 8K bytes of ultraviolet Erasable 
and Electrically Programmable 
Read Only Memory 
(EPROM) 
for internal storage. This memory can be 
programmed in a variety of ways-including 
at run- 
time under software control. 


The EPROM is ma.E£.edinto memory locations 2000H 
through 3FFFH if EA is a TTL high. However, apply- 
ing + 12.75V to EA when the chip is reset will place 
the 879XBH in EPROM 
Programming 
Mode. The 
Programming Mode has been implemented to support 
EPROM programming and verification. 


When an 879XBH is in Programming Mode, special 
hardware 
functions are available to the user. These 


functions include algorithms for slave, gang and auto 
EPROM programming. 


Three flexible EPROM programming modes are avail- 
able on the 879XBH-auto, 
slave and run-time. These 


modes can be used to program 879XBHs in a gang, 
stand alone or run-time environment. 


The Auto Programming Mode enables an 879XBH to 
program itself, and up to 15 other 879XBHs, with the 
8K bytes of code beginning at address 4000H on its 
external bus. The Slave Mode provides a standard in- 
terface that enables any number of 879XBHs to be pro- 
grammed by a master device such as an EPROM pro- 
grammer. 
The 
Run-Time 
Mode 
allows 
individual 


EPROM locations to be programmed at run-time un- 
der complete software control. 


In the Programming Mode, some I/O pins have been 
renamed. These new pin functions are used to deter- 
mine the programming function that is performed, pro- 
vide programming ALEs, provide slave ID numbers 
and pass error information. Figure 33 shows how the 


pins are renamed. Figure 34 describes each new pin 
function. 


While in Programming Mode, PMODE selects the pro- 
gramming function that is performed (see Figure 32). 
When not in the Programming Mode, Run-Time pro- 
gramming can be done at any time. 


PMODE 
Programming 
Mode 


0-4 
Reserved 


- 5 
Slave Programming 


6-0BH 
Reserved 


OCH 
Auto Programming 
Mode 


ODH 
Program Configuration 
Byte 


OEH-OFH 
Reserved 


To guarantee proper execution, the pins of PMODE 
and SID must be in their desired state before the 
RESET pin is allowed to rise and reset the part. Once 
the part is reset, it is in the selected mode and should 
not be switched to another mode without a new reset 
sequence. 


When EA selects the Programming Mode, the chip re- 
set sequence loads the CCR from the Programming 
Chip Configuration Byte (PCCB). This is a separate 
EPROM location that is not mapped under normal op- 
eration. PCCB is only important when programming in 
the Auto 
Programming 
Mode. 
In 
this 
mode, the 


879XBH that is being programmed gets the data to be 
programmed from external memory over the system 
bus. Therefore, PCCR must correctly correspond to the 
memory system in the programming setup, which is not 
necessarily the memory organization of the application. 


The following sections describe 879XBH programming 
in each programming mode. 


SELECTS 


PROGRA••••••ING 


"'ODE 
EA 
PO.7 
PO.S 
PO.5 
PO.4 


VPP 
PORT 4 
PORT 3 


HSO.O 


P2.1 


CO••••••AND DATA PATH 


PACT 


PALE 


PROG 


PVER/SALE 


PDO/SPROG 


HSI.O 
HSI.l 
HSI.2 
HSI.3 
P2.5 


879XBH 


Name 
Function 


PMODE 
PROGRAMMING 
MODE SELECT: Determines 
the EPROM programming 
algorithm 
that is performed. 
PMODE is sampled 
after a chip reset and should be static while 
the part is operating. 


SID 
SLAVE 10 NUMBER: 
Used to assign each slave pin of Port 3 or 4 to use for passing 
programming 
verification 
acknowledgement. 
For example, 
if gang programming 
in 
the Slave Programming 
Mode, the slave with SID = 0001 will use Port 3.1 to signal 
correct 
or incorrect 
program verification. 


PALE 
PROGRAMMING 
ALE INPUT: Accepted 
by an 879XBH 
that is in the Slave 
Programming 
Mode. Used to indicate that Ports 3 and 4 contain 
a command/ 
address. 


PROG 
PROGRAMMING 
PULSE: Accepted 
by 879XBH that is in the Slave Programming 
Mode. Used to indicate that Ports 3 and 4 contain the data to be programmed. 
A 
falling edge on PROG signifies data valid and starts the programming 
cycle. A rising 
edge on PROG will halt programming 
in the slaves. 


PACT 
PROGRAMMING 
ACTIVE: 
Used in the Auto-Programming 
Mode to indicate when 
programming 
activity is complete. 


PVER 
PROGRAM 
VERIFIED: 
A signal outut after a programming 
operation 
by parts in the 
Slave Programming 
Mode. 


PD~ 
PROGRAMMING 
DURATION 
OVERFLOWED: 
A signal output by parts in the Slave 
Programming 
Mode. Used to signify that the PROG pulse applied for a programming 
operation 
was longer than allowed. 


SALE 
SLAVE ALE: Output signal from an 879XBH 
in the Auto Programming 
Mode. A 
falling edge on SALE indicates 
that Ports 3 and 4 contain valid address/command 
information 
for slave 879XBHs 
that may be attached 
to the master. 


SPROG 
SLAVE PROGRAMMING 
PULSE: Output from an 879XBH 
in the Auto Programming 
Mode. A falling edge on SPROG indictates 
that Ports 3 and 4 contain valid data for 
programming 
into slave 879XBHs 
that may be attached 
to the master. 


PORTS 3 and 4 
ADDRESS/COMMAND/DATA 
BUS: Used to pass commands, 
addresses 
and data 
to and from slave mode 879XBHs. 
Used by chips in the Auto Programming 
Mode to 
pass command, 
addresses 
and data to slaves. Also used in the Auto Programming 
Mode as a regular system bus to access external 
memory. 
Each line should be 
pulled up to VCC through a resistor. 


The Auto Programming Mode provides the ability to 
program the internal 879XBH EPROM without having 
to use a special EPROM programmer. In this mode, 
the 879XBH simply programs itself with the data found 
at external locations 4000H through 5FFFH. All that is 
required is that some sort of external memory reside at 
these locations, that EA selects the programming mode 
and that VPP is applied. Figure 35 shows a minimum 
configuration for using an 8K x 8 EPROM to program 
one 879XBH in the Auto Programming Mode. 


The 879XBH first reads a word from external memory, 
then the Modified Quick-Pulse Programming™ 
Algo- 


rithm (described later) is used to program the appropri- 
ate EPROM location. Since the erased state of a byte is 
OFFH, the Auto Programming 
Mode will skip loca- 


tions where the data to be programmed is OFFH. When 
all 8K has been programmed, PAIT 
goes high and the 


part outputs a 0 on Port 3.0 if it programmed correctly 
and a I if it failed. 


10.2.1 GANG 
PROGRAMMING 
WITH 
THE AUTO 


PROGRAMMING 
MODE 


An 879XBH in the Auto Programming Mode can also 
be used as a programmer for up to 15 other 879XBHs 
that are configured in the Slave Programming Mode. 


VSS 1 
VSS2 
AGND 
NMI 


87968H 
. 
OR 


8797BH 


XTAL 
1 


NOTE: 
Ports 3 and 4 should have pullupsto VCC. 


OUtputswe Slavecommand/data 
pairs on Ports 3 and 4 


necessary to program slave parts with the same data it 
is programming 
itself with. Slave ALE (SALE) and 


Slave PROG 
(SPROG) signals are provided by the 


master to the slaves to demultiplex the commands from 
the data. Figure 36 is a block diagram of a gang pro- 
gramming system using one 879XBH in the Auto Pro- 
gramming Mode. The Slave Programming Mode is de- 
scribed in the next section. 


The master 879XBH first reads a word from the exter- 
nal memory controlled by ALE, RD and WR. It then 
drives Ports 3 and 4 with a Data Program command 
using the appropriate address and alerts the slaves with 
a falling edge on SALE. Next, the data to be pro- 
grammed is driven onto Ports 3 and 4 and slave pro- 
gramming begins with a falling edge on SPROG. At the 
same time, the master begins to program 
its own 


EPROM location with the data read in. Intel's Modi- 
fied Quick-Pulse Programming™ 
Algorithm is used, 


with Data Verify commands being given to the slaves 
after each programming pulse. 


When programming is complete PAIT 
goes high and 


Ports 3 and 4 are driven with all Is if all parts pro- 
grammed correctly. Individual bits of Port 3 and 4 will 
be driven to 0 if the slave with that bit number as an 
SID did not program correctly. The 879XBH used as 
the master assigns itself an SID of O. 


VCC 
VREf 
VPD 


VSS 1 
VSS2 
AGND 
NlAl 


8796BH 
OR 
8797BH 


XTALl 


PO.7 
PO.6 
PO.S 
POA 


XTAL2 


SALE 
SPROG 
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~ g 
~ g 
PORTS 
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~ g 
PORTS 
w Cl 
-'0 
3,. 
~~ 
r:. g: 
3,4 
3,4 
-<", 
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SLAVE 
SLAVE 
SLAVE 
•• 
SLAVE 
879XBH 
879XBH 
879XBH 
• 
879XBH 


HSI 
321 
0 


NOTE: 
EA and 
VPP on slaves 
must 
be at + 12.75 
Vdc. 
Each 
slave's 
PMODE 
must 
equal 
05H. 
Ports 
3 and 4 should 
have 
pullups 
to VCC. Minimum 
configuration 
connections 
must also be made for slaves. 
A 10 MHz clock 
is recommended 
for 
the slaves. 


Any number of 879XBHs can be programmed by a 
master programmer 
through the Slave Programming 


Mode. 


The programming device uses Ports 3 and 4 of the parts 
being programmed 
as a command/data 
path. 
The 


slaves accept signals on PALE (Program ALE) and 
PROG 
(Program 
Enable) to demultiplex 
the com- 


mands and data. The slaves also use PVER, PD~ and 
Ports 3 and 4 to pass error information to the program- 
mer. Support 
for gang programming 
of up to 
16 


879XBHs is provided. If each part is given a unique 
SID (Slave ID Number) an 879XBH in the Auto Pro- 
gramming Mode can be used as a master to program 
itself and up to 15 other slave 879XBHs. There is, how- 
ever, no 879XBH dependent limit to the number of 
parts that can be gang programmed in the slave mode. 


It is important to note that the interface to an 879XBH 
in the slave mode is similar to a multiplexed bus. At- 
tempting to issue consecutive PALE pulses without a 
corresponding PROG pulse will produce unexpected 
results. Similarly, issuing consecutive PROG 
pulses 


without the corresponding PALE pulses immediately 
preceding is equally unpredictable. 


The commands sent to the slaves are 16-bits wide and 
contain two fields. Bits 14 and 15 specify the action 
that the slaves are to perform. Bits 0 through 13specify 
the address upon which the action is to take place. 
Commands are sent via Ports 3 and 4 and are available 
to cause the slaves to program a word, verify a word, or 
dump a word (Table I). The address part of the com- 
mand sent to the slaves ranges from 2000H to 3FFFH 
and refers to the internal EPROM memory space. The 
following sections describe each slave programming 
mode command. 


Table 1. Slave Programming 


Mode Commands 


P4.7 
P4.6 
Action 


0 
0 
Word Dump 


0 
1 
Data Verify 


1 
0 
Data Program 


1 
1 
Reserved 


DATA PROGRAM COMMAND-After 
a Data Pro- 


gram Command has been sent to the slaves, PROG 
must be pulled low to cause the data on Ports 3 and 4 
to be programmed into the location specified during the 
command. The falling edge of PROG is not only used 
to indicate data valid, but also triggers the hardware 
programming of the word specified. The slaves will be- 
gin programming 48 states after PROG falls, and will 
continue to program the location until PROG rises. 


After the rising edge ofPROG, the slaves automatically 
perform a verification of the address just programmed. 
The result of this verification is then output on PVER 
(Program Verify) and PD~ (Program Duration Over- 
flowed). Therefore, verification information is available 
following the Data Program Command for program- 
ming systems that cannot use the Data Verify com- 
mand. 


IfPVER and PD~ of all slaves are Is after PROG rises 
then the data program was successful everywhere. If 
PVER is a 0 in any slave, then the data programmed 
did not verify correctly in that part. If PD~ is a 0 in 
any slave, then the programming pulse in those parts 
was terminated by an internal safety feature rather than 
the rising edge of PROG. The safety feature prevents 
over-programming in the slave mode. Figure 37 shows 
the relationship of PALE, PROG, PVER and PD~ to 
the CommandlData 
Path on Ports 3 and 4 for the Data 


Program Command. 


,---_/ 


PORTS 3,4 --< ADDRESS/COMMAND 
~----------- 


VALID I 
\ 
VALID 


VALID I 
\ 
VALID 


PALE ~"" 
/ 


PORTS 3,4 -<DATA VERIFY COMMAND )•• ---- 
••( 
VERIFICATION BITS 
~ 
' 
I 


DATA VERIFY COMMAND-When 
the Data Verify 


Command is sent, the slaves respond by driving one bit 
of Port 3 and 4 to indicate correct or incorrect verifica- 
tion of the previous Data Program. A 1 indicates cor- 
rect verification, while a 0 indicates incorrect verifica- 
tion. The SID (Slave ID Number) of each slave deter- 
mines which bit of the command/data 
path is driven. 
PROG from the programmer governs when the slaves 
drive the bus. Figure 38 shows the relationship of Ports 
3 and 4 to PALE and PROG. 


This command is always preceded by a Data Program 
Command in a programming system with as many as 
16 slaves. However, a Data Verify Command does not 
have to follow every Data Program Command. 


WORD 
DUMP 
COMMAND-When 
the 
Word 


Dump Command is issued, the 879XBH being pro- 
grammed adds 2000H to the address field of the com- 
mand and places the value found at the new address on 
Ports 3 and 4. For example, sending the command 
#OIOOH to a slave will result in the slave placing the 
word found at location 2100H on Ports 3 and 4. PROG 
from the programmer governs when the slave drives the 
bus. The signals are the same as shown in Figure 22. 


Note that this command will work only when just one 
slave is attached to the bus, and that there is no restric- 
tion on commands 
that precede or follow a Word 


Dump Command. 


10.3.2 GANG 
PROGRAMMING 
WITH 
THE 


SLAVE 
PROGRAMMING 
MODE 


Gang programming of 879XBHs can be done using the 
Slave Programming Mode. There is no 879XBH based 
limit on the number of chips that may be hooked to the 
same Port 31P0rt 4 data path for gang programming. 


If more than 16 chips are being gang programmed, the 
PVER and PDO outputs of each chip could be used for 
verification. The master programmer could issue a data 
program command then either watch every chip's error 
signals, or AND all the signals together to get a system 
PVER and PDO. 


If 16 or fewer 879XBHs are to be gang programmed at 
once, a more flexible form of verification is available. 
By giving each chip being programmed a unique SID, 
the master programmer could then issue a data verify 
command after the data program command. When a 
verify command is seen by the slaves, each will drive 
one pin of Port 3 or 4 with a 1 if the programming 
verified correctly or a 0 if programming failed. The SID 
is used by each slave to determine which Port 3, 4 bit it 
is assigned. An 879XBH in the Auto Programming 
Mode could be the master programmer if 15 or fewer 
slaves need to be programmed (see Gang Programming 
with the Auto Programming Mode). 


!__. 
eS"rogrammmg MOae 


The CCB (location 2018H) can be treated just like any 
other EPROM 
location, and programmed using any 
programming 
mode. But to provide for simple pro- 
gramming of the CCB when no other locations need to 
be programmed, 
the Auto Configuration 
Byte Pro- 
gramming 
Mode is provided. Programming 
in this 
mode also programs PCCB. Figure 39 shows a block 
diagram for using the Auto Configuration Byte Pro- 
gramming Mode. 


With PMODE = ODH and OFFH on Port 4, CCB and 
PCCB will be programmed to the value on Port 3 when 
a logic 0 is placed on PALE. After programming is 
complete, PVER will be driven to a I if the bytes pro- 
grammed correctly, and a 0 if the programming failed. 


gram r\...\...J:l. 
r\...\...J:llS 
a non-memory mapped hPROM 


location that gets loaded into CCR during the reset 
sequence when the voltage on EA puts the 879XBH in 
Programming Mode. If PCCB is not programmed us- 
ing the Auto Configuration Byte Programming Mode, 
every time the 879XBH is put into Programming Mode 
the CCR will be loaded with OFFH (the value of the 
erased PCCB location). 


However, if programming the CCB and PCCB is done 
using this Programming Mode, the PCCB will take on 
the value programmed into CCB. This means that until 
the part is erased, programming activities that use the 
system bus will employ the bus width and controls se- 
lected by the user's CCB. 


NOTES: 
1. Tie Port 3 to the value desired 
to be programmed 
into GGe, and PGGs. 


2. Make all necessary 
minimum 
connections 
for power, 
ground 
and clock. 


Run-Time Programming of the 879XBH is provided to 
allow the user complete flexibility in the ways in which 
the internal EPROM is programmed. That flexibility 
includes the ability to program just one byte or one 
word instead of the whole EPROM, and extends to the 
hardware necessary to program. The only additional 
requirement of a system is that a programming voltage 
is ap~d 
to VPP. Run-Time Programming 
is. done 


with EA at TTL-high (normal operation-internal/ex- 
ternal access). 


To Run-Time program, the user writes a byte or word 
to the location to be programmed. Once this is done, 
the 879XBH will continue to program that location un- 
til another data read from or data write to the EPROM 
occurs. The user can therefore control the duration of 
the programming pulse to within a few mircoseconds. 
An intelligent algorithm should be implemented in soft- 
ware. It is recommended that the Modified Quick-Pulse 
Programming Algorithm be implemented. 


After the programming of a location has started, care 
must be taken to ensure that no program fetches (or 


pre-fetches) occur from internal memory. This is of no 
concern if the program is executing from external mem- 
ory. However, if the program is executing from internal 
memory when the write occurs, it will be necessary to 
use the built in "Jump to SeW' located at 201AH. 


"Jump to Self' is a two byte instruction in the Intel test 
ROM which can be CALLed after the user has started 
programming a location by writing to it. A software 
timer interrupt could then be used to escape from the 
"Jump to Self' when the proper programming pulse 
duration has elapsed. Figure 40 is an example of how to 
program an EPROM location while execution is entire- 
ly internal. 


Upon entering the PROGRAM 
routine, the address 


and data are retrieved from the STACK and a Software 
Timer is set to expire one programming pulse later. The 
data is then written to the EPROM 
location and a 


CALL to location 20lAH is made. Location 201AH is 
in Intel reserved test ROM, and contains the two byte 
opcode for a "Jump to Self'. The minimum interrupt 
service routine would remove the 201AH return ad- 
dress from the STACK and return. 


POP 
address_temp 
POP 
data_temp 
PUSH temp 


PUSHF 
LDB 
int_mask, 
#enable_swt_only 


LDB 
HSO_COMMAND, 
#SWTO_ovf 


ADD 
HSO_TlME,TlMERl, 
#program_pulse 


EI 
ST 
CALL 
POPF 
RET 


data-temp, 
[address_temp] 


20lAH 


swtO_expired: 


POP 
0 
RET 


;take parameters 
from the 


STACK 


;save current status 
;enable only swt interrups 
;load swt command to interrupt 
;when program pulse time 
;has elapsed 


Protection 
mechanisms 
have been provided on the 


ROM and EPROM versions of the 8096BH to inhibit 
unauthorized 
accesses of internal program 
memory. 


However, there must always be a way to allow autho- 
rized program memory dumps for testing purposes. 
The following describes 839XBH, 879XBH program 
lock features and the mode provided for authorized 
memory dumps. 


Write protection is provided for EPROM parts, while 
READ 
protection 
is provided for both ROM 
and 


EPROM parts. 


Write protection is enabled by causing the LOCO bit in 
the CCR to take the value O.When WRITE protection 
is selected, the bus controller will cycle through the 
write sequence, but will not actually drive data to the 
EPROM and will not enable VPP to the EPROM. This 
protects the entire EPROM 2000H-3FFFH 
from inad- 
vertant or unauthorized 
programming, and also pre- 


vents writes to the EPROM from upsetting program 
execution. If write protection is not enabled, a data 
write to an internal EPROM location will begin pro- 
gramming that location, and continue programming 
the location until a data read of the internal EPROM is 
executed. While programming, instruction fetches from 
internal EPROM will not be successful. 


READ protection is selected by causing the LOCI bit 
in the CCR to take the value O. When READ protec- 
tion is enabled, the bus controller will only perform a 
data read from the address range 2020H-3FFFH 
if the 


slave program counter is in the range 2000H-3FFFH. 
Note that since the slave PC can be many bytes ahead 
of the CPU program counter, an instruction that is lo- 
cated after address 3FFAH may not be allowed to ac- 
cess protected memory, even though the instruction is 
itself protected. 


If the bus controller receives a request to perform a 
READ of protected memory, the READ sequence oc- 
curs with indeterminant 
data being returned 
to the 


CPU. 


Other enhancements were also made to the 8096BH for 
program protection. For example, the value of EA is 
latched on reset so that the device cannot be switched 
from external to internal execution mode at run-time. 
In addition, if READ protection is selected, an NMI 
event will cause the device to switch to external only 
execution mode. Internal execution can only resume by 
resetting the chip. 


10.6.2 AUTHORIZED 
ACCESS 
OF PROTECTED 


MEMORY 


To 
provide 
a 
method 
of 
dumping 
the 
internal 


ROM/EPROM 
for testing purposes a "Security Key" 


mechanism and ROM dump mode have been imple- 
mented. 


The security key is a 128bit number, located in internal 
memory, that must be matched before a ROM dump 
will occur. The application code contains the security 
key starting at location 2020H. 


The ROM dump 2!!-0de is entered just like any pro- 
gramming mode (EA = 12.75V), except that a special 
PMODE 
strapping is used. The PMODE 
for ROM 


dump is 6H (01lOB). 


The ROM dump sequence begins with a security key 
verification. Users must place at external locations 
4020H-402FH 
the same 16 byte key that resides inside 


the chip at locations 2020H-202FH. 
Before doing a 


ROM dump, the chip checks that the keys match. 


After a successful key verification, the chip dumps data 
to 
external 
locations 
lOOOH-llFFH 
and 
4OOOH- 


5FFFH. Unspecified data appears at the low addresses. 


Internal EPROM/ROM 
is dumped to 4OOOH-5FFFH, 


beginning with internal address 2000H. 


If a security key verification is not successful, the chip 
will put itself into an endless loop of internal execution. 


NOTE: 


Substantial effort has been expended to provide an ex- 
cellent program protection scheme. However, Intel can- 
not, and does not guarantee that the protection methods 
that we have devised will prevent unauthorized access. 


inter 


10.7 
Modified Quick-Pulse 
Programmlng™ 
Algorithm 


The Modified Quick-Pulse 
Programming 
Algorithm 


calls for each EPROM location to receive 25 separate 
100 p.s (± 5 p.s) program cycles. Verification of correct 
programming is done after the 25 pulses. If the location 
verifies correctly, the next location is programmed. If 
the location fails to verify, the location has failed. 


Once all locations are programmed and verified, the 
entire EPROM is again verified. 


Programming of 879XBH parts is done with VPP 
12.75V ±0.25V and VCC = 5.0V ±0.5V. 


The 8X9XBH contains a signature word at location 
2070H. The word can be accessed in the slave mode by 
executing a word dump command. 


Device 
Signature 
Word 


879XBH 
896FH 


839XBH 
896EH 


809XBH 
Undefined 


Initially, and after each erasure, all bits of the 879XBH 
are in the "I" state. Data is introduced by selectively 


programming "Os" into the desired bit locations. Al- 
though only "Os" will be programmed, both "Is" and 
"Os" can be present in the data word. The only way to 
change a "0" to a "I" is by ultraviolet light erasure. 


The erasure characteristics of the 879XBH are such 
that erasure begins to occur upon exposure to light with 
wavelenl\,ths shorter 
than approximately 
4000 Ang- 


stroms (A). It should be noted that sunlight and certain 
types of fluorescent lamps have wavelengths in the 
3000-4000 A range. Constant exposure to room level 
fluorescent lighting could erase the typical 879XBH in 
approximately 3 years, while it would take approxi- 
mately I week to cause erasure when exposed to direct 
sunlight. If the 879XBH is to be exposed to light for 
extended periods of time, opaque labels must be placed 
over the EPROM's 
window to prevent unintentional 


erasure. 


The recommended erasure procedure for the 879XBH 
is exposure to shortwave ultraviolet light which has a 
wavelength of 2537A. The integrated dose (i.e., UV in- 
tensity X exposure time) for erasure should be a mini- 
mum of 15 Wsec/cm2. The erasure time with this dos- 
age is approximately 15 to 20 minutes using an ultravi- 
olet lamp with a 12000 p.W/cm2 power rating. The 
879XBH should be placed within I inch of the lamp 
tubes during erasure. The maximum integrated dose an 
879XBH 
can 
be 
exposed 
to 
without 
damage 
is 


7258 Wsec/cm2 (I week @ 12000 P.W/cm2). Exposure 
of the 879XBH to high intensity UV light for long peri- 
ods may cause permanent damage. 
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80C196KA 
ADVANCED 
CHMOS MICROCONTROLLER 
ARCHITECTURAL 
OVERVIEW 


All of the features available on the 8096BH are present 
on the 80Cl96KA including: 


Register to Register Architecture 
232 Bytes of Register File 
22 Interrupt Sources With 8 Vector Locations 
High Speed 16xl6 Multiply 
High Speed 32/16 Divide 
Five 8-bit I/O Ports 
Analog to Digital Converter (AID Versions Only) 
Pulse-Width-Modulated Output 
Full Duplex Serial Port With Dedicated Baud Rate 
Generator 
16-bit Watchdog Timer 
High Speed Subsystem With 


Up to 4 Time Capture Inputs 
Up to 6 Time Triggered Outputs 
2 16-bit Timer/Counters 
4 Software Timers 


In addition, the 80Cl96KA has: 


Independent Capture of Timer2 
Up and Down Counting on Timer2 
2.33 /los16xl6 Multiply vs 6.25 /loson 8096BH 


4.0 p.s 32/16 Divide vs 6.25 p.s on 8096BH 


6 Additional Interrupt Sources / 10 Additional Vectors 


6 Additional Instructions 


Power Down and Idle Modes for Power Savings 


and many other feature enhancements. The 8OCl96KA 
can be plugged into most 8096BH designs with only a 
few minor software changes. 


This document can be used as a stand-alone guide to 
the features of the 80Cl96KA and as a programmer's 
guide and user's manual by experienced 8096 program- 
mers. For those people who are not familiar with the 
details of programming an 8096, this manual should be 
used in conjunction with the current edition of the Em- 
bedded Controller Handbook. 


For 
the 
purpose 
of describing 
its 
operation, 
the 


80CI96KA can be divided into three sections: the pro- 
cessing unit, peripheral (I/O) devices, and support cir- 
cuitry. The processing unit consists of the 16-bit CPU 
with its register file, the interrupt controller and the 
memory controller. Peripheral devices, a clock genera- 
tor, and some miscellaneous support circuitry make up 
the remainder of the chip. A block diagram of the 
8OCl96KA is shown in Figure I. 


: PORH 
I 
I 
I 
I 
•I 


Figure 1. 80C196KA 
Block Diagram 
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Internal operation of the chip is based on the oscillator 
frequency divided by two, giving the basic operating 
time unit, known as a "State Time". With a 12 MHz 
oscillator, a state time is 167 nanoseconds. With an 
8 MHz oscillator, a state time is 250 nanoseconds, the 
same as that of an 8096 running with a 12 MHz oscilla- 
tor. Since the 80C196KA will be run at many frequen- 
cies, the times given throughout this overview will be in 
state times or "states", unless otherwise specified. 


Either a crystal or an external source can be used to 
drive the on-chip oscillator. Figure 2 shows a circuit for 
the oscillator connected to a crystal. When an external 
source is used, it is connected to the XTALl pin leav- 
ing the XTAL2 pin floating. The XTAL2 pin becomes 
a weak output in this mode and must be left unconnect- 
ed. 


Two non-overlapping internal phases are created by the 
clock generator: phase 1 and phase 2. Phase 2 is butT- 
ered and output on the CLKOUT pin. This is not the 
same as on the 8096, since it uses a three-phase clock. 
Changing from a three-phase clock to a two-phase one 
speeds up the operation of the chip for a set oscillator 
frequency. It should cause no compatibility problems in 
most designs, but does cause some differences in the 
system bus timings. A detailed description of the bus 
timing is included in the electrical characteristics sec- 
tion of this document. 


80C196KA 


XTAL2 


The CPU on the 8OC196KA is 16 bits wide and is con- 
nected to the interrupt controller and the memory con- 
troller by a l6-bit bus. In addition, there is an 8-bit bus 
which is used to transfer opcodes from the memory 
controller to the CPU. On the 8096 there is no l6-bit 
bus between the CPU and memory controller, so the 8- 
bit bus is used for both data and opcode transfers. All 
of the peripheral devices on the 80C196KA are con- 
nected to the CPU by a 16-bit bus. 


A microcode engine controls the CPU, allowing it to 
perform operations with any byte, word or double word 
in the 232-byte Register File. Operations can also be 
performed with any of the 110 Control Registers, also 
called Special Function Registers (SFRs). With a flat 
architecture, the programmer is not limited to a single 
accumulator since all 256 bytes in the register file and 
SFR space can be used as accumulators. 
This elimi· 


nates accumulator bottleneck and allows the use of 3 
operand instructions. 
The internal 
hardware 
of the 


CPU is similar to that of the 8096, except that extra 
hardware has been added to provide a faster multiply. 


64 Kbytes of addressable memory space are available 
on the 80C196KA, most of which can be used for pro- 
gram or data storage. The space from lOOH through 
OFFFFH contains a small block of reserved or special 
function locations but is otherwise available to the user. 
The reserved locations must contain OFFH. Resetting 
the chip sets the program counter to location 2080H, 
allowing 8 Kbytes of RAM contiguous with the inter- 
nal RAM at location OFFH. The interrupt vectors, con- 
figuration byte, and several reserved addresses are lo- 
cated between 2000H and 207FH. Figure 3 shows a 
memory map of the 80CI96KA memory space. 


EXTERNAL MEMORY OR I/O 


INTERNAL ROM/EPROM 
OR 


EXTERNAL MEMORY' 


RESERVED 


UPPER 8 INTERRUPT VECTORS 


(NEW ON 80C196KA) 


ROM/EPROM 
SECURITY KEY' 


RESERVED 


CHIP CONFIGURATION 
BYTE 


RESERVED 


LOWER 8 INTERRUPT VECTORS 


PLUS 2 SPECIAL INTERRUPTS 


PORT 3 AND PORT 4 


EXTERNAL MEMORY OR I/O 


INTERNAL DATA MEMORY - REGISTER FILE 


(STACK POINTER, RAM AND SFRS) 


EXTERNAL PROGRAM CODE MEMORY 


Between OH and OFFH program execution fetches will 
always be from external memory, even if the chip has 
an onboard ROM or EPROM. This area of external 
memory is reserved for use by Intel development sys- 
tems and should not be used in applications which will 
require development tools. Data fetches will always 
come from the on-chip register file and SFRs. The in- 
ternal 
RAM 
from location OIAH (26 decimal) to 


OFFH is the register file. This memory region, as well 
as the status of the majority of the chip, is kept alive 
while the chip is in the powerdown mode. (On the 8096 
only the top 16 bytes of RAM were kept alive.) Details 
on powerdown mode are discussed in a later section. 


Locations 18H and 19H are considered part of the reg- 
ister file although they are used as the stack pointer. 
The stack can be located anywhere in memory, internal 
or external, by using the 16-bit pointer. If the stack is 
not being used, these two bytes can be used as regular 
RAM. 


Locations OOHthrough 17H are the I/O control regis- 
ters or SFRs. As shown in Figure 4, two SFR windows 
are provided on the 80C196KA. Selecting the active 
window is done by using the Window Select Register 
(WSR) at location 14H in all of the windows. 


Only two values may be written to the WSR, 0 and 15. 
Other values are reserved for use in future parts and 
will cause unpredictable operation. 


WSR 


INT MASK1/PENDl 


TIMER2 


INT MASK/PEND 


ZERO REG 


Window 0, the register window selected with WSR = 0, 
is a superset of the one used on the 8096. As depicted in 
Figure 5, it has 24 registers, some of which have differ- 
ent functions when read than when written. Registers 
which are new to the 8OCl96KA or have changed func- 
tions from the 8096 are indicated in the figure. Figure 6 
contains brief descriptions of the registers. Detailed de- 
scriptions are contained in the section which discusses 
the peripheral device controlled by the register. 


In register Window 15 (WSR= 15), the operation of 
the SFRs is changed, so that those which were read- 
only in the 8096 SFR space are write-only and vice 
versa. The only exception to this is that TIMER2 is 
read/write in Window 0, and T2 Capture is read/write 
in Window 15. (TIMER2 was read-only on the 8096.) 
Registers which can be read and written in Window 0 
can also be read and written in Window 15. Details of 
using Window 15 are discussed in the peripheral de- 
scription section. 


Caution must be taken when using the SFRs as sources 
of operations or as base or index registers for indirect or 
indexed operations. It is possible to not get the desired 
results, since external events can change SFRs and 
some SFRs clear when read. The potential for an SFR 
to change value must be taken into account when oper- 
ating on these registers. This is particularly important 
when high level languages are used as they do not al- 
ways make allowances for SFR-type registers. 


Listed 
registers 
are present in 
both windows 


WSR 


INT MASK1/PENDl 


T2CAPTURE 


INT MASK/PEND 
. 


ZERO REG 


:-a. r 


18H 


17H 


16H 


15H 


14H 


13H 


12H 


11H 


10H 


OFH 


OEH 


ODH 


OCH 


OBH 


OAH 


09H 


OSH 


07H 


06H 


05H 


04H 


03H 


02H 


01H 


OOH 


STACK POINTER 


'10S2 


IOS1 


1050 


'WSR 


'INT_MASK1 


·INT......PEND 1 


'SP_STAT 


PORT2 


PORTl 


PORTO 


TIMER2 (HI) 


TIMER2 (LO) 


TIMER1 (HI) 


TIMER1 (LO) 


INT_PENDING 


INT_MASK 


SBUF(RX) 


HSI_STATUS 


HSI_T1ME 
(HI) 


HSI_TIME 
(LO) 


AD_RESULT 
(HI) 


AD_RESULT 
(LO) 


ZERO REG (HI) 


ZERO REG (LO) 


STACK POINTER 


PWM_CONTROL 


IOC1 


lOCO 


'WSR 


'INT_MASK1 


'INT_PEND 
1 


'SP_CON 


PORT2 


PORTl 


BAUD RATE 


TIMER2(HI) 


T1MER2 (LO) 


'IOC2 


WATCHDOG 


INT_PENDING 


INT_MASK 


SBUF(TX) 


HSO_COMMAND 


HSO_ TIME (HI) 


HSO_ TIME (LO) 


HSI_MODE 


AD 
COMMAND 


ZERO REG (HI) 


ZERO REG (LO) 


ODH 
'T2 CAPTURE (HI) 


OCH 
'T2 CAPTURE (LO) 


WSR ~ 15 


OTHER SFRS IN WSR 
15 BECOME READABLE 
IF THEY WERE WRITABLE 
INWSR 
~ OANDWRITABLE 
IF THEY WERE READABLE 
INWSR 
~ 0 


inter 


Register 
Description 


RO 
Zero Register· 
Always reads as a zero, useful for a base when indexing 
and as a 
constant 
for calculations 
and compares. 


AD_RESULT 
AID 
Result Hi/low 
- low 
and high order results of the AID converter 


AD_COMMAND 
AID Command 
Register 
- Controls 
the AID 


HSI_MODE 
HSI Mode Register· 
Sets the mode of the High Speed Input unit. 


HSLTIME 
HSI Time Hi/lo 
- Contains 
the time at which the High Speed Input unit was triggered. 


HSO_TIME 
HSO Time Hi/lo 
• Sets the time or count for the High Speed Output to execute 
the 
command 
in the Command 
Register. 


HSO_COMMAND 
HSO Command 
Register 
- Determines 
what will happen at the time loaded into the 
HSO Time registers. 


HSLSTATUS 
HSI Status Registers 
- Indicates 
which HSI pins were detected 
at the time in the HSI 
Time registers 
and the current state of the pins. 


SBUF(TX) 
Transmit 
buffer for the. serial port, holds contents 
to be outputted. 


SBUF(RX) 
Receive buffer for the serial port, holds the byte just received 
by the serial port. 


INT_MASK 
Interrupt 
Mask Register 
- Enables or disables 
the individual 
interrupts. 
(also IMASK) 


INT_PENDING 
Interrupt 
Pending Register - Indicates 
that an interrupt 
signal has occurred 
on one of 
the sources and has not been serviced. 
(also IPEND) 


WATCHDOG 
Watchdog 
Timer Register· 
Written to periodically 
to hold off automatic 
reset every 
64K state times. 


TIMER1 
TImer 1 Hi/lo 
- Timer1 high and low bytes. 
. 


TIMER2 
Timer 2 Hi/lo· 
Timer2 high and low bytes. 
~ 


10PORTO 
Port 0 Register 
- levels 
on pins of Port o. 


BAUD_RATE 
Register which determines 
the baud rate, this register is loaded sequentially. 


IOPORT1 
Port 1 Register 
- Used to read or write to Port 1. 


IOPORT2 
Port 2 Register 
- Used to read or write to Port 2. 
- 


SP_STAT 
Serial Port Status - Indicates 
the status of the serial port. 


SP_CON 
Serial Port Control - Used to set the mode of the serial port. 


10SO 
I/O Status Register 
0 - Contains 
information 
on the HSO status. 


IOS1 
I/O Status Register 
1 - Contains 
information 
on the status of the timers and of the 
HSI. 


lOCO 
I/O Control 
Register 0 - Controls 
alternate 
functions 
of HSI pins, Timer 2 reset 
sources 
and Timer 2 clock sources. 


IOC1 
I/O Control 
Register 
1 - Controls 
alternate 
functions 
of Port 2 pins, timer interrupts 
and HSI interrupts. 


PWM_CONTROl 
Pulse Width Modulation 
Control 
Register - Sets the duration 
of the PWM pulse. 


IPEND1 
Interrupt 
Pending register for the 8 new interrupt vectors 
(also INT_PENDING1) 


IMASK1 
Interrupt 
Mask register for the 8 new interrupt vectors 
(also INT_MASK1) 


IOC2 
I/O Control 
Register 2 - Controls 
new 80C196KA 
features 


'; 


IOS2 
I/O Status Register 2· Contains 
information 
on HSO events 


WSR 
Window 
Select Register 
- Selects 
register window 


All of the program 
memory 
and the external 
data mem- 


ory are 
transferred 
to the 
CPU 
through 
the 
memory 


controller. 
Within 
the memory 
controller 
is a slave pro- 


gram counter, 
an instruction 
queue, 
and a bus control- 


ler. 


The slave program 
counter 
keeps track 
of the program 


counter 
in the CPU 
and requests 
the correct 
sequence 


of instructions 
to be fetched 
by the bus controller 
and 


stored 
in the queue. 


A four byte instruction 
queue 
allows 
the CPU 
to run 


faster 
by keeping 
the next 
instruction 
byte almost 
al- 


ways available. 
When 
the instruction 
flow changes, 
as 


with a branch 
or call instruction, 
the queue 
is flushed 


and refilled. 
The amount 
of time required 
to do this is 


included 
in the instruction 
execution 
times 
which 
are 


listed in other 
sections 
of this document. 


When 
debugging 
code using a logic analyzer, 
one must 


be aware 
of the queue. 
It is not possible 
to determine 


when 
an 
instruction 
will 
begin 
executing 
by 
simply 


watching 
when 
it is read 
since 
the 
queue 
is filled 
in 


advance 
of instruction 
execution. 
In addition, 
the algo- 


rithms 
which are used to keep the queue full may cause 


instructions 
to be read 
into 
the 
8OCl96KA 
multiple 


times. 


PORT. 


PORT 3 


Both 
8-bit and 
16-bit bus modes 
are supported 
by the 


bus controller. 
A block 
diagram 
of the two modes 
is 


shown 
in Figure 
7. Each 
mode 
has several 
variations, 


all of which 
are controlled 
by the Chip 
Configuration 


Register 
(CCR), 
shown 
in Figure 
8. This register 
is at 


an unmapped 
location 
within 
the 
80CI96KA 
and 
is 


loaded 
from 
location 
2018H 
during 
the chip 
reset 
se- 


quence. 


Switching 
between 
8 and 16-bit bus modes 
can be done 


using 
the buswidth 
pin if the CCR 
is set for a 16-bit 


bus. Dynamically 
switching 
between 
the two modes 
is 


possible by changing 
this pin on the fly. A system using 


16-bit wide program 
memory 
for speed, but only need- 


ing one 8-bit RAM 
chip, could make use of this feature 


to avoid the use of another 
RAM 
or the software 
need- 


ed to convert 
word wide data 
into data 
stored 
in every 


other 
byte. 


When 
CCR bits 2 and 3 are both set to I the standard 


8096BH 
bus control 
signals 
are provided, 
as shown 
in 


Figure 
9. WR will come out for each write. 
BHE 
will 


be valid throughout 
the bus cycle and can be combined 


with the WR and address 
line 0 to form WRL 
(Write 


Low byte) and WRH 
(Write 
High byte). ALE 
will rise 


as the address 
starts 
to come out and will fall to provide 


a signal to externally 
latch the address. 


The Write 
Strobe mode eliminates 
the need to external- 


ly decode 
WRL 
and WRH 
(See Figure 
10). In 
16-bit 


bus modes, 
WRL 
and WRH 
are provided 
on the WR 


a-BIT 


PORT. 
LATCHED 
ADDRESS 
HIGH 


Figure 7. Bus Width Options 


20-6 


ENABLE POWERDOWN fEATURE 


BUS WIDTH SELECT 
(16- 
BITBUS/S----BI-T-B-U-s) 


WRITE STROBE MODE SELECT 
(WR AND BHE/WRL 
AND WRH) 


ADDRESS VALID STROBE SELECT 


(ALE/ 
ADV) 


(IRCO) 
} INTERNAL READY 


(IRC1) 
CONTROL MODE 


(LOCO) )PROGRAM 
LOCK 
(LOCI) 
MODE 


270418-5 


u 


BHEI 
V_A_L_ID 
I 


ADO-IS 
~ 
ADDR I 
DATA OUT 


ADO -15 --1 
ADDR 


u 


ADO -7 
4DDR 
LOWI 
DATA OUT 
~ 


ADS -15 
~ 
A_D_D_R_ES_S_H_IG_H ~ 


VALID I 


DATA OUT 
~ 
_r- 


LJ 


ADO -7 
--fDDR 
LOWI 
DATA OUT 
~ 


AD8 -15 -1 
A_D_D_R_ES_S_H_IG_H ~ 


inter 


-_I 
u 


SHEI .... 
V_A_L_ID 
I 


ADO-15 
---1 
ADDR I 
DATA OUT 
~ 


-_I 
u 


ADO-7 
---1ADDR 
LOWl 
DATA OUT 


ADB-15 -:-1 
ADDRESSOUT HIGH 


ADO-15 --1 
ADDR 
DATA OUT r--- 


u 


ADO-7 
~ 
ADDR LOW l 
DATA OUT r--- 


ADB-15 --.J 
ADDRESSHIGH 
L- 
I 
r-- 


and BHE lines, respectively. 
Both lines go low for word 


writes, 
while only one line will go low for a byte write. 
The WR line is provided 
for 8-bit bus modes 
and will 


go low for all writes. 
Clearing 
CCR 
bit 2 selects 
this 


mode. 


An 
Address 
Valid 
(ADV) 
strobe 
can be provided 
in 


place of ALE if CCR bjt 3 is cleared 
(See Figure 
II). In 


this mode, ADV will go low after an external 
address 
is 


set up and stay low until 
the end of the bus cycle, 
at 


which 
time it will go high. 
This signal 
can be used to 


provide 
a chip select for external 
memory. 


Both 
the 
Address 
Valid 
Strobe 
mode 
and 
the 
Write 


Strobe Mode can be enabled 
at the same time providing 


the signals 
shown 
in Figure 
12. 


The EA pin is used to determine 
whether 
program 
code 


in the address 
range 
2000H 
through 
3FFFH 
is fetched 


from 
internal 
memory 
or external 
memory. 
Since the 


8OCl96KA 
does 
not 
have 
internal 
memory 
this 
pin 


must be externally 
tied low. Future 
ROM 
and EPROM 


parts, 
the 83CI96KB 
and 87CI96KB 
respectively, 
will 


execute 
from 
internal 
memory 
if the pin is tied high. 


The 
EA 
pin 
is latched 
on chip 
reset 
and 
cannot 
be 


changed 
without 
resetting 
the chip. 


A READY 
pin limit can be set with the CCR, 
deter- 


mining 
the maximum 
number 
of wait states that will be 


allowed 
when the READY 
pin is pulled low. This elim- 


inates 
the 
need 
for external 
hardware 
to remove 
the 


READY 
signal prior 
to the next bus cycle. The 
IRCO 


and IRCI 
bits control 
wait states as follows: 


IRC1 
IRCO 
Description 


0 
0 
Limit to one wait state 


0 
1 
Limit to two wait states 


1 
0 
Limit to three wait states 


1 
1 
Wait states not limited internally 


inter 


When internal program memory is used, the CCR can 
set read and write protection 
using the LOCO and 


LOCI bits (CCR bits 6 and 7). A zero on LOCOenables 
read protections and a zero on LOCI enables write pro- 
tection. Both read and write protection may be enabled 
at the same time by clearing both bits. 


Twenty-eight (28) sources of interrupts are available on 
the 80C196KA. These sources are gathered into 15vec- 
tors plus special vectors for NMI, the TRAP instruc- 
tion, and Unimplemented Opcodes. Figure 13 shows 
the routing of the interrupt sources into their vectors as 
well as the control bits which enable some of the 
sources. 


NMI, 
the external Non-Maskable 
Interrupt, 
is the 


highest priority peripheral interrupt. It vectors indirect- 
ly through location 203EH. For design symmetry, a 
mask bit exists in INT_MASKI 
for the NMI. To pre- 


vent accidental masking of an NMI, the bit does not 
function and will not stop an NMI from occurring. 
NMI on the 8096 vectored directly to location OOOOH, 


so for the 8OC196KA to be compatible with 8096 soft- 
ware, which uses the NMI, location 203EH must be 
loaded with OOOOH. 


Opcode F7H, the TRAP instruction, causes an indirect 
'vector through location 201OH. All unimplemented op- 
codes are 
mapped 
into 
a special interrupt 
vector 


through location 2012H. They act as uninterruptable 
instructions 
and take one more state time than the 


TRAP instruction. 


The interrupt sources in the 80C196KA are arranged in 
a fixed priority. Figure 14 shows the priorities (15 is 
highest) of the interrupts and their vector locations. If 
simultaneous interrupt requests are received, the high- 
est priority source that is both pending and enabled will 
get serviced. Software priorities can be provided by en- 
abling and disabling different interrupts 
in different 


routines. When an interrupt occurs, the 80C196KA's 
response is identical to that of the 8096; it decrements 
the stack pointer value by 2 and then stacks the pro- 
gram counter value. Because of the additional 
16-bit 


internal bus, the 8OCl96KA interrupt response takes 
only 16/18 states compared with 21124 states on the 
8096 (states: stack internal/external). 


EXTINT---------- 
EXTINTPIN(NEW) 
'\..IOC1.l 
- 
EXTINT 


TIfLAG ---- 
••••••• 
------ 
TIfLAG (NEW) 
/t------- 
SERIALPORT 
RIfLAG 
RIfLAG (NEW) 


SWTO- 3 
1 
SOfTWARETIt.lER 
RESETTIt.lER2 


STARTAID------ 


HSI.OPIN----------HSI.O 
PIN 


HSO LINES 0 - 5 ----------HIGH 
SPEEDOUTPUT 


HSI flfO 
IS fULL ----------HSI 
FIfO fULL(NEW) 


'\..IOC1.7 
- 
HSI DATAAVAILABLE 


AIDCONVERSIONCOt.lPLETE----------A/D 
CONVERSIONCOt.lPLETE 


TIt.lER2 OVERfLOW(OOOOHOR8000H) ---------- 
TIt.lER2 OVERfLOW(NEW) 


'\..IOC1.3 
- 
TIt.lEROVERfLOW 


Number 
Source 
Vector 
Priority 
Location 


INT15 
NMI 
203EH 
15 


INT14 
HSI FIFO Full 
203CH 
14 


INT13 
EXTINTPin 
203AH 
13 


INT12 
TIMER2 
Overflow 
2038H 
12 


INT11 
TIMER2 
Capture 
2036H 
11 


INT10 
4th Entry into HSI FIFO 
2034H 
10 


INT09 
RI 
2032H 
9 


INT08 
TI 
2030H 
8 


SPECIAL 
Unimplemented 
Opcode 
2012H 
N/A 


SPECIAL 
Trap 
2010H 
N/A 


INTO] 
EXTINT 
200EH 
] 


INT06 
Serial Port 
200CH 
6 


INT05 
Software 
Timer 
200AH 
5 


INT04 
HSJ.O Pin 
2008H 
4 


INT03 
High Speed Outputs 
2006H 
3 


INT02 
HSI Data Available 
2004H 
2 


INT01 
AID 
Conversion 
Complete 
2002H 
1 


INTOO 
Timer Overflow 
2000H 
0 


The 8 lowest priority interrupts (INTO-INT7) and the 
TRAP instruction are identical to the interrupts on the 
8096. Many of the new interrupt vectors were created 
by separating vectors which were formerly tied to the 
same interrupt. These include: Transmit Interrupt, Re- 
ceive Interrupt, HSI FIFO Full, Timer2 Overflow and 
EXTINT (as opposed to PO.7).The new interrupts add- 
ed are: 


I. HSI FIFO (not including holding register) has 4 or 


more entries 


2. Timer 2 Capture occurred (P2.7 rising edge). 


Processing of interrupts is controlled by the Interrupt 
Pending Registers, the Interrupt Mask Registers, and 
the Global Disable Bit. The Interrupt Pending Regis- 
ters (shown in Figure 15) have one bit for each inter- 
rupt vector. If a transition occurs to trigger a particular 
interrupt, the associated bit in the pending register is 
set. When a vector to an interrupt routine is taken, the 
associated pending bit is cleared. 


The Interrupt 
Mask Registers (IMASK, 
IMASKI) 


have bits to correspond to each interrupt and are set up 
identically to the Interrupt 
Pending Registers. Each 


mask bit can be set or cleared in software to enable or 
disable individual interrupts. 
These registers are also 


referred to as INT~ASK 
and INT_MASKI. 


PSW bit 9, the global Interrupt 
Disable Bit, controls 


the entire interrupt structure. When it is cleared, all 
interrupts are disabled except NMI, TRAP and unim- 
plemented opcode. When it is set and an interrupt is 
both pending and unmasked (Ipend.x= I, Imask.x= I), 
the interrupt service procedure begins. The highest pri- 
ority interrupt which is pending and unmasked is the 
first to occur. Interrupt servicing involves a call to the 
address stored in the interrupt 
vector location and 


clearing of the interrupt pending bit. 


The interrupt mask registers can be used to enable and 
disable specific interrupts from occurring under soft- 
ware control. By using this feature a programmer can 
determine which interrupt sources can interrupt which 
interrupt routines. There are 6 instructions which facili- 
tate this by not allowing interrupts to occur immediate- 
ly after them: 


EI, DI 
- 
Enable and disable all interrupts by tog- 
gling the global disable bit (pSW.9). 


PUSHF - 
PUSH Flags pushes the PSW/IMASK 
pair then clears it, leaving both IMASK 
and PSW.9 clear. 


POPF 
- 
POP Flags pops the PSW/IMASK 
pair 


off the stack 


IPEND1: 
IMASK1: 


7 
6 
5 
4 
3 
2 
1 
0 


NMI 
FIFO 
EXT 
T2 
T2 
HSI4 
AI 
TI 
FULL 
INT 
OVF 
CAP 


IPEND: 
IMASK1: 


7 
6 
5 
4 
3 
2 
1 
0 


EXT 
SEA 
SOFT 
HSI.1 
HSO 
HSI 
A2D 
TIMEA 
INT 
POAT 
TIMEA 
PIN 
PIN 
DATA 
NONE 
OVF 


PUSHA - 
PUSH All does a PUSHF, then pushes 
the 
IMASKl/wSR 
pair 
and 
clears 


IMASKI 
POPA 
- 
POP All pops the IMASKl/wSR 
pair 


and then does a POPF 


Interrupts can also not occur immediately after execu- 
tion of: 
Unimplemented Opcodes 
TRAP 
- 
The software trap instruction 


SIGND - 
The signed prefix for multiply and divide 
instructions 


PUSHA, PUSHF, and DI disable interrupts until soft- 
ware changes either the interrupt mask, PSW.9 or both. 
POPA, POPF, and EI can enable interrupts and are 
frequently used at the end of an interrupt routine, just 
prior to a RETurn. By preventing interrupts from oc- 
curring between these instructions and a RETurn, the 
RET is always executed and the stack will not build up 
needlessly. 


Interrupts 
cannot occur immediately after unimple- 


mented opcodes or the TRAP instruction, since the in- 
terrupt routine for these operations must have time to 
execute a PUSHF, PUSHA or DI. The SIGND prefix 
and the associated multiply or divide instructions must 
not be separated, so interrupts cannot occur after the 
SIGND opcode. 


Setting and clearing the IPEND and IPEND I registers 
is simplified since new interrupts are stored in buffer 
registers while read-modify- write operations are per- 
formed on IPEND and IPENDt. 
To set and clear bits 


in the pending registers the following sequences can be 
used: 


Comparing the 8OC196KA to the 8096, the interrupt 
response time has been improved as follows: 


External 
Internal 


Stack 
Stack 


8096 
80C196KA 
8096 
80C196KA 


States 
24 
18 
21 
16 


8096@ 
12 MHz 
6.00 
- 
5.25 
- 


80C196KA 
@ 8 MHz 
- 
4.5 
- 
4.00 


80C196KA@ 
12 MHz - 
3.0 
- 
2.67 


Interrupt response time is measured as the elapsed time 
from the end of the previous instruction to the begin- 
ning of the first instruction of the interrupt service rou- 
tine. It does not include the time needed to finish the 
current instruction or to save values on the stack. 


All the instructions in the 8096 exist in the 80CI96KA 
and perform the same function with two exceptions. 
First, the PSW bits are set in a specific manner for 
some operations where the 8096 PSW results were un- 
defined. Second, some instructions 
execute in fewer 


state times. 


z: 
The Zero flag is set to indicate that an operation 
generated a result equal to zero. The instructions 
SUBC(B) and ADDC(B) can only clear the Z flag 
but can not set it. This makes it easier to perform 
double word arithmetic, as a zero in the high word 
will not set the zero flag. 


N: 
The Negative flag is set to indicate that the opera- 
tion generated a negative result. Note that the N 
flag will be in the algebraically correct state even if 
an overflow occurs. For shift operations, including 
the normalize operation and all three forms (SHL, 
SHR, SHRA) 
of byte, word and double word 


shifts, the N flag will be set to the same value as 
the most significant bit of the result. This will be 
true even if the shift count is O. 


V: 
The oVerflow flag is set to indicate that the opera- 
tion generated a result which is outside the range 
for the destination data type. For divide opera- 
tions, the following conditions are set: 
For the 
operation: 
V is set if Quotient is: 


UNSIGNED 
BYTE DIVIDE> 
255 (OFFH) 


UNSIGNED 
WORDDIVIDE> 
65535 (OFFFFH) 


SIGNED 
BYTE 
DIVIDE 


< 
-127(81H) 


or 
> 
127(7FH) 


< - 32767 (8001H) 
or 
> 
32767 (7FFFH) 


SIGNED 
WORD 
DIVIDE 


VT: The oVerflow Trap flag is set when the V flag is 


set, but it is only cleared by the CLRVT, JVT and 
JNVT instructions. This allows testing for over- 
flows in a group of operations instead of after each 
operation. 


inter 


C: 
The Carry flag is set to indicate the state of the 
arithmetic carry from the most significant bit of 
the ALU for an arithmetic operation, or the state 
of the last bit shifted out of an operand for a shift. 
Arithmetic Borrow after a subtract operation is the 
complement of the C flag (i.e. if the operation gen- 
erated a borrow then C=O.) 


X: 
Reserved for future. 
Should always be cleared 


when writing to the PSW for compatibility with 
future products. 


I: 
The global Interrupt disable bit disables all inter- 
rupts except NMI when cleared. 
ST: The STicky bit is set to indicate that during a right 


shift a one has been shifted into the Carry flag and 
then has been shifted out. This flag can be used 
with the carry flag to determine rounding. 


Six instructions have been added to the 8096 instruc- 
tion set to form the 80Cl96KA 
instruction set. The 


added instructions are: 
PUSHA - 
PUSHes 
the 
PSW, 
INT_MASK, 


IMASKl, 
and WSR 


POPA 
- 
POPs the PSW, INT_MASK, 
IMASKl, 


and WSR 
IDLPD 
- 
Sets the part into IDLE or Powerdown 
mode 
DJNZW - 
Decrement Jump Not Zero using a Word 
counter 
CMPL 
- 
Compare 2 long direct values 


BMOV 
- 
Block move using 
2 auto-incrementing 


pointers and a counter 


Descriptions of these new instructions follow: 
I. PUSHA (push all): This instruction is used instead of PUSHF to support the 8 additional interrupts. It is similar 
to PUSHF, but pushes two words instead of one. The first word pushed is the same as for the PUSHF instruction, 
PSW/INT_MASK. 
The second word pushed is formed by the IMASKI/WSR 
register pair. As a result of this 
instruction the PSW, INT_MASK, 
and IMASKI registers are cleared, and the SP is decremented by 4. Inter- 
rupts are disabled in two ways by this instruction since both PSW.9 and the interrupt masks are cleared. Inter- 
rupts cannot occur between this instruction and the one following it. 


execution: 
SP +- 
SP - 2 
(SP) +- 
PSW/INT_MASK 
PSW/INT_MASK 
+- 
0 
SP +- 
SP - 2 
(SP) +- 
lMASK1/WSR 
lMASKl 
+- 
0 


assembly language format: PUSHA 
object code format: <11110100> 


bytes: 
1 


states: on-Chip stack:12 
off-chip stack:18 


2. POPA (pop all): This instruction is used instead of POPF to support the 8 additional interrupts. It is similar to 
POPF, but pops two words instead of one. The first word is popped into the IMASKI/wSR 
register pair, while 
the second word is popped into the PSWliNT _MASK 
register pair. As a result of this instruction the SP is 
incremented by 4. Interrupts can not occur between this instruction and the one following it. 


execution: 
lMASK1/WSR 
+- 
(SP) 
SP +- 
SP + 2 
PSW/INT_MASK 
+- 
(SP) 
SP +- 
SP + 2 


assembly language format: POPA 
object code format: <11110101> 


bytes: 
1 
states: on-chip stack: 12 
off-chip stack: 18 


3. IDLPD (idle/powerdown): This instruction is used for entry into the idle and powerdown modes. Selecting IDLE 
or POWERDOWN 
is done using the key operand. If the operand is not a legal key, the part executes a reset 
sequence. The bus controller will complete any prefetch cycle in progress before the CPU stops or resets. 


execution: 
if KEY = 1 then enter IDLE 
else if KEY = 2 then enter 
POWERDOWN 
else execute reset. 


assembly language format: IDLPD #key 
(key is 8-bit value) 
object code format: <11110110> 
<key> 


bytes: 
2 


states: legal key: 
8 
illegal key: 25 


PSW: 


Legal Key 
Illegal Key 


Z N V VT C x 
I ST 
- - - - - x - - 
0 0 0 0 0 x 0 0 


4. DJNZW (decrement and jump if not zero word): This instruction is the same as the DJNZ except that the count 
is a word operand. A counter word is decremented; if the result is not zero the jump is taken. The range of the 
jump is -128 
to + 127. 


execution: 
COUNT +- 
COUNT - 1 
if COUNT < > 
0 then 
PC +- 
PC + disp (sign extended) 


assembly language format: DJNZW wreg,cadd 
object code format: <11100001> 
<wreg> 
<disp> 


bytes: 
3 


states: jump not taken: 5 
jump taken: 9 


5. CMPL (compare long): This instruction is used to compare the magnitudes of two double word (long) operands. 
The operands are specified using the direct addressing mode. Five PSW flags are set following this operation, but 
the operands are not affected. 


DST 
SRC 


assembly 
language 
format: 
CMPL Lreg,Lreg 


object 
code 
format: 
<11000101> 
<src 
Lreg> 
<dst 
Lreg> 


bytes: 
3 


states: 
7 


PSW:~= 


6. BMOV (block move): This instruction is used to move a block of word data from one location in memory to 
another. The source and destination addresses are calculated using the indirect with auto- increment addressing 
modes. A long register addresses the source and destination pointers which are stored in adjacent word registers. 
The number of transfers is specified by a word register. The blocks of data can reside anywhere in memory but 
should not overlap. 


execution: 
COUNT 
- 
(CNTREG) 
LOOP: 
SRCPTR 
- 
(PTRS) 
DSTPTR 
- 
(PTRS + 2) 


(DSTPTR) 
- 
(SRCPTR) 


(PTRS) 
- 
SRCPTR 
+ 2 


(PTRS + 
2) 
- 
DSTPTR 
+ 2 
COUNT 
- 
COUNT 
- 1 


if COUNT 
< > 
0 then 
go to LOOP 


PTRS 
CNTREG 


assembly 
language 
format: 
BMOV 
Lreg,wreg 


obj ect 
code 
format: 
< 11000001> 
<wreg> 
<Lreg> 


bytes: 
states: 
3 
internal/internal: 
external/internal: 
external/external: 


8 per 
transfer 
+ 6 
11 per 
transfer 
+ 6 
14 per 
transfer 
+ 6 


PSW:~ 


Notes: 


1. CNTREG does not get decremented during the instruction 
2. It is easy to unintentionally create a very long un-interruptable operation with this instruction. 
To provide an interruptable version ofBLKMOV for large blocks, the BLKMOV instruction can be used with the 
DJNZ(W) instruction. This is possible because the pointers are modified, but CNTREG is not. Consider the 
example: 


LD 
PTRS, 
SRC 
;Pointer 
to base 
of sources 
table 


LD 
PTRS+2, 
DST 
;Pointer 
to base 
of destination 
table 


LD 
CNTREG, 
#COUNT;Number 
of words 
to move 
per 
set 


LD 
CNTSET, 
#SETS 
;Number 
of sets 
to move 


BMOV 
PTRS, 
CNTREG 
;Move one 
set 


DJNZW 
CNTSET, 
MOVE 
;Decrement 
set counters 
and move 
again 


The instructions on the 8OCl96KA can be divided into 
4 groups: no operand, one operand, two operand, and 
three operand. Two and three operand instructions, as 
well as the PUSH and POP instructions, can use multi- 
ple addressing modes, the remaining instructions can 
operate on any of the bytes in the register fIle or SFR 
space. 


To indicate the address range for the operands of each 
instruction the letters "D", "B", and "A" are used. 
"D" is the destination register and must be in the regis- 
ter me or SFR space. "A" is the second operand. It is 
addressed using one of the six addressing modes and 
can be located anywhere in memory. "B" is the third 
operand for three operand instructions and must be lo- 
cated in the register fIle or SFR space. Three operand 
instructions reduce the number of temporary variables 
needed and therefore the number of move operations, 
speeding up the code for many applications. 


The address modes usable with "A" operands are listed 
below: 


Direct - The operand is specified by an 8-bit·address 
field in the instruction. The operand must be in the 
Register File or SFR space. 


Immediate - The operand itself follows the opcode in 
the instruction stream as immediate data. The immedi- 
ate data can be either 8 or 16 bits wide. 


Indirect - An 8-bit address field in the instruction con- 
tains the 7-bit address of a word in the Register File 
which contains the 16-bit address of the operand. The 
operand can be anywhere in memory 


Indirect With Auto-Increment - Same as indirect, ex- 
cept that after the operand is referenced, the word reg- 
ister which contained its address is incremented by one 
if the operand is a byte or by two if it is a word. 


Indexed (Long and Short) - The instruction contains an 
8-bit address field and either an 8-bit or 16-bitdisplace- 
ment field. The 8-bit address field gives the 7-bit ad- 
dress of a word in the Register File which contains a 
16-bit base address. The 8-bit or 16-bit displacement 
field contains a signed displacement which is added to 
the base address to produce the address of the operand. 
The operand can be anywhere in memory. 


NOTE: 
The indexed address mode can be used with the Zero 
Register to directly address any location in memory. 
It can also be used with the Stack Pointer to address 
variables on the stack. 


The indexed and indirect modes of addressing on the 
8OCl96KA operate in fewerstate times than they do on 
the 8096 because of the extra 16-bitinternal bus. 


Figures 16 and 17 show a summary of the instructions 
available on the 8OCl96KA and the number of state 
times each requires to execute. Timing values for 
jumps, calls and returns include the time required to 
flush the instruction queue and to fetch the opcode at 
the destination address. 


The instruction times listed are the minimum number 
of state times required for execution. (A state time is 2 
oscillator periods.) This number could increase if wait 
states are used or if the opcode and its operands are not 
prefetched and residing in the instruction queue when 
they are needed. The instruction queue is almost never 
empty when running in the 16-bit bus mode without 
wait states, so the minimum number of state times is 
almost always the correct execution time. 


As would be expected, some performance degradation 
occurs when using wait states or the 8-bit bus since the 
queue may become empty. It is very difficult to predict 
the exact queue status at all times, so the instruction 
timings can not be exactly predicted, only minimum 
and worst case timings can be calculated. 


When adding wait-states, the number of wait-states 
used, multiplied by the number of instruction fetches 
and data accesses occurring, must be added to the in- 
struction execution timing. This will provide the worst- 
case timing for an instruction sequence, the actual tim- 
ing will be between the minimum timing and the worst- 
case timing. 


In the 8-bit bus mode, the worst case timing, assuming 
no wait-states, can be calculated by adding the follow- 
ing to the minimum timings: 


2 state times for each external word write 
1 state time for each external word read 
1 state time for each byte that is not in the queue 


when needed (worst case is the number of bytes in 
an instruction minus 1) 


Instruction execution in the 8-bit mode typically takes 
20 to 30 percent longer than in the 16-bit mode. 


Mnemonic 
Operands 
Operation 
(Note 
1) 
Flags 
Notes 


- 
Z 
N 
C 
V 
VT 
ST 


AOO/AOOB 
2 
O-O+A 
-- 
Y' 
Y' 
Y' 
Y' t 
- 


AOO/AOOB 
3 
O-B+A 
" 
Y' 
Y' 
Y' 
Y' t 
- 


AOOC/AOOCB 
2 
O-O+A+C 
t 
Y' 
Y' 
Y' t 
- 


SUB/SUBB 
2 
O-O-A 
Y' 
Y' 
Y' 
Y' t 
- 


SUB/SUBB 
3 
O-B-A 
Y' 
Y' 
Y' 
Y' t 
- 


SUBC/SUBCB 
2 
0-0-A+C-1 
t 
Y' 
Y' 
Y' t 
- 


CMP/CMPB 
2 
O-A 
Y' 
Y' 
Y' 
Y' t 
- 


MUL/MULU 
2 
0,0 + 2 - 
0 x A 
- 
- 
- 
- 
- 
- 
2 


MUL/MULU 
3 
0,0 + 2 - 
B x A 
- 
- 
- - - - 
2 


MULB/MULUB 
2 
0,0 + 1 - 
0 x A 
- 
- 
- 
- 
- 
- 
3 


MULB/MULUB 
3 
0,0 + 1 - 
B x A 
- 
- 
- 
- 
- 
- 
3 


OIVU 
2 
o - 
(0,0 + 2) IA,O + 2 - 
remainder 
- 
- 
- 
Y' t 
- 
2 


OIVUB 
2 
o - 
(0,0 + 1) IA,O + 1 - 
remainder - 
- 
- 
Y' t 
- 
3 


OIV 
2 
o - 
(0,0 + 2) IA,O + 2 - 
remainder 
- 
- 
- 
Y' t 
- 


OIVB 
2 
o - 
(0,0 + 1) IA,O + 1 - 
remainder 
- 
- 
- 
Y' t 
- 


ANO/ANOB 
2 
0- 
OANOA 
Y' 
Y' 
0 
0 
- 
- 


ANO/ANOB 
3 
0- 
BANDA 
Y' 
Y' 
0 
0 
- 
- 


OR/ORB 
2 
0- 
DORA 
Y' 
Y' 
0 
0 
- 
- 


XOR/XORB 
2 
o _ 
0 (ecxl. or) A 
Y' 
Y' 
0 
0 
- 
- 


LO/LOB 
2 
O-A 
- 
- 
- 
- 
- - 


ST/STB 
2 
A-O 
- 
- 
- 
- 
- 
- 


LOBSE 
2 
o - 
A; 0 + 1 - 
SIGN(A) 
- 
- 
- 
- 
- 
- 
3,4 


LOBZE 
2 
o - 
A; 0 + 1 -0 
- 
- 
- 
- 
- - 
3,4 


PUSH 
1 
SP - 
SP - 2; (SP) - 
A 
- 
- 
- 
- 
- 
- 


POP 
1 
A - 
(SP);SP + 2 
- 
- 
- 
- 
- 
- 


PUSHF 
0 
SP - 
SP - 2; (SP) - 
PSW; 
0 
0 
0 
0 
0 
0 


PSW - 
OOOOH;I - 
0 


POPF 
0 
PSW - 
(SP);SP - 
SP + 2; I - 
Y' 
Y' 
Y' 
Y' 
Y' 
Y' 
Y' 


SJMP 
1 
PC - 
PC + 11-bit offset 
- 
- - - 
- 
- 
5 


LJMP 
1 
PC - 
PC + 16-bit offset 
- 
- 
- 
- 
- 
- 
5 


BR[indirect] 
1 
PC- 
(A) 
- - 
- 
- 
- 
- 


SCALL 
1 
SP - 
SP - 2; 
- 
- 
- - 
- 
- 
5 


(SP) - 
PC; PC - 
PC + 11·bit offset 


LCALL 
1 
SP - 
SP - 2; (SP) - 
PC; 
- 
- 
- 
- 
- 
- 
5 


PC - 
PC + 16-bit offset 
, 


Mnemonic 
Operands 
Operation 
(Note 
1) 
Flags 
Notes 
Z 
N 
C 
V 
VT ST 


RET 
0 
PC ~ 
(SP);SP 
~ 
SP + 2 
- - 
- 
- 
- 
- 


J (conditional) 
1 
PC ~ 
PC + a-bit offset (if taken) 
- - 
- 
- 
- 
- 
5 


JC 
1 
Jump if C = 1 
- 
- 
- 
- 
- 
- 
5 


JNC 
1 
jumpifC 
= 0 
- 
- 
- 
- 
- 
- 
5 


JE 
1 
jump if Z = 1 
- - - 
- 
- 
- 
5 


JNE 
1 
Jump if Z = 0 
- 
- 
- 
- 
- 
- 
5 


JGE 
1 
Jump if N = 0 
- 
- 
- 
- 
- 
- 
5 


JLT 
1 
Jump if N = 1 
- 
- 
- 
- 
- 
- 
5 


JGT 
1 
Jump if N = 0 and Z = 0 
- 
- 
- 
- 
- 
- 
5 


JLE 
1 
Jump if N = 1 or Z = 1 
- 
- 
- 
- 
- 
- 
5 


JH 
1 
Jump if C = 1 and Z = 0 
- 
- 
- 
- 
- 
- 
5 


JNH 
. 
1 
Jump if C = 0 or Z = 1 
- 
- 
- 
- 
- - 
5 


JV 
1 
Jump if V = 0 
- 
- 
- 
- 
- 
- 
5 


JNV 
1 
Jump if V = 1 
- 
- 
- 
- 
- 
- 
5 


JVT 
1 
Jump if VT = 1; Clear VT 
, 
- 
- 
- 
- 
0 
- 
5 


JNVT 
, 
1 
Jump if VT = 0; Clear VT 
- 
- 
- 
- 
0 
- 
5 


JST 
1 
Jump ifST = 1 
- 
- 
- 
- 
- 
- 
5 


JNST 
1 
Jump ifST = 0 
- - 
- 
- 
- 
- 
5 


JBS 
3 
Jump if Specified 
Bit = 1 
- 
- 
- 
- 
- 
- 
5,6 


JBC 
3 
Jump if Specified 
Bit = 0 
- 
- 
- 
- 
- - 
5,6 


OJNZI 
1 
o ~ 
0 - 
1; 
- 
- 
- 
- 
- 
- 
5 
OJNZW 
If 0 *- 0 then PC ~ 
PC + a-bit offset 


OEC/OECB 
1 
0~0-1 
~ ~ ~ ~ t 
- 


NEG/NEGB 
1 
O~O-O 
~ ~ ~ ~ t 
- 


INC/INCB 
1 
0~0+1 
~ ~ ~ ~ t 
- 


EXT 
1 
o ~ 
0; 0 + 2 ~ 
Sign (0) 
~ ~ 
0 
0 
- 
- 
2 


EXTB 
1 
o ~ 
0;0 
+ 1 ~ 
Sign (0) 
~ ~ 
0 
0 
- 
- 
3 


NOTINOTB 
1 
o ~ 
Logical Not (0) 
~ ~ 
0 
0 
- 
- 


CLR/CLRB 
1 
O~O 
1 
0 
0 
0 
- 
- 


SHLlSHLB/SHLL 
2 
C ~ 
msb - - - - - Isb ~ 
0 
~ ~ ~ ~ t 
- 
7 


SHRISHRB/SHRL 
2 
o ~ 
msb-----Isb 
~ 
C 
~ ~ ~ 
0 
- 
~ 
7 


SHRAISHRAB/SHRAL 
2 
msb 
~ 
msb - - - - - Isb ~ 
C 
~ ~ ~ 
0 
- 
~ 
7 


SETC 
0 
C~1 
- 
- 
1 
- 
- 
- 


CLRC 
0 
C~O 
- 
- 
0 
- 
- 
- 


intJ 


Mnemonic 
Operands 
Operation 
(Note 
1) 
Flags 
Notes 
Z 
N 
C 
V 
VT 
ST 


CLRVT 
0 
VT+-O 
- 
- 
- 
- 
0 
- 


RST 
0 
PC +- 
2080H 
0 
0 
0 
0 
0 
0 
8 


DI 
0 
Disable All Interupts (I +- 
0) 
- 
- 
- 
- 
- 
- 


EI 
0 
Enable All Interupts (I +- 
1) 
- 
- 
- 
- 
- 
- 


NOP 
0 
PC +- 
PC + 1 
- 
- 
- 
- 
- 
- 


SKIP 
0 
PC +- 
PC + 2 
- 
- 
- 
- 
- 
- 


NORML 
2 
Left shift till msb = 1;D +- 
shift count 
,.. ,.. 
0 
- 
- 
- 
7 


TRAP 
0 
SP +- 
SP - 2; 
- 
- 
- 
- 
- 
- 
9 


(SP) +- 
PC; PC +- 
(2010H) 


PUSHA 
1 
SP +- 
SP-2; (SP) +- 
PSW; 
0 
0 
0 
0 
0 
0 
PSW +- 
OOOOH;SP +- 
SP-2; 
(SP) +- 
IMASK1/WSR; IMASK1 +- 
OOH 


POPA 
1 
IMASK1/WSR +- 
(SP);SP +- 
SP+2 
,.. ,.. ,.. ,.. 
,.. 
,.. 


PSW +- 
(SP); SP +- 
SP+ 2 


IDLPD 
1 
IDLE MODE IF KEY= 1; 
- 
- 
- 
- 
- 
- 
POWERDOWN MODE IF KEY =2; 
CHIP RESET OTHERWISE 


CMPL 
2 
D-A 
,.. ,.. ,.. ,.. 
t 
- 


BMOV 
2 
[PTR_HI) + 
+- 
[PTR_LOWl + ; 
- 
- 
- 
- 
- 
- 
UNTIL COUNT= 0 


NOTES: 
1. If the mnemonic ends in "B" a byte operation is performed, otherwise a word operation is done. Operands is done. Operands D, B, 
and A must conform to the alignment rules for the required operand type. D and B are locations in the Register File; A can be 
located anywhere in memory. 


2. D,D + 2 are consecutive WORDS in memory; D is DOUBLE-WORD 
aligned. 


3. D,D + I are consecutive BYTES in memory; D is WORD aligned. 
4. Changes a byte to word. 
5. Offset is a 2's complement number. 
6. Specified bit is one of the 2048 bits in the register file. 
7. The "L" (Long) suffix indicates double-word operation. 
8. Initiates a Reset by pulling RESET low. Software should re-initialize all the necessary registers with code starting at 2080H. 
9. The assembler will not accept this mnemonic. 


Figure 16. Instruction 
Summary 
(Continued) 


inter 


MNEMONIC 
DIRECT 
IMMED 
INDIRECT 
INDEXED 


NORMAL' 
A·INC' 
SHORT' 
LONG' 


ADD (3-op) 
5 
6 
7/9 
8/10 
7/9 
8/10 
SUB 
(3-op) 
5 
6 
7/9 
8/10 
7/9 
8/10 
ADD 
(2-op) 
4 
5 
6/8 
7/9 
6/8 
7/9 


SUB 
(2-op) 
4 
5 
6/8 
7/9 
6/8 
7/9 
ADDC 
4 
5 
6/8 
7/9 
6/8 
7/9 
SUBC 
4 
5 
6/8 
7/9 
6/8 
7/9 
CMP 
4 
5 
6/8 
7/9 
6/8 
7/9 
ADDB 
(3-op) 
5 
5 
7/9 
8/10 
7/9 
8/10 
SUBB 
(3-op) 
5 
5 
7/9 
8/10 
7/9 
8/10 
ADDB 
(2-op) 
4 
4 
6/8 
7/9 
6/8 
7/9 
SUBB 
(2-op) 
4 
4 
6/8 
7/9 
6/8 
7/9 
ADDCB 
4 
4 
6/8 
7/9 
6/8 
7/9 
SUBCB 
4 
4 
6/8 
7/9 
6/8 
7/9 
CMPB 
4 
4 
6/8 
7/9 
6/8 
7/9 


MUL 
(3-op) 
16 
17 
18/21 
19/22 
19/22 
20/23 
MULU 
(3-op) 
14 
15 
16/19 
17/20 
17/20 
18/21 
MUL 
(2-op) 
16 
17 
18/21 
19/22 
19/22 
20/23 
MULU 
(2-op) 
14 
15 
16/19 
17/20 
17/20 
18/21 
DIV 
26 
27 
28/31 
29/32 
29/32 
30/33 
DIVU 
24 
25 
26/29 
27/30 
27/30 
28/31 
MULB 
(3-op) 
12 
12 
14/17 
15/18 
15/18 
16/19 
MULUB 
(3-op) 
10 
10 
12/15 
12/16 
12/16 
14/17 
MULB 
(2-op) 
12 
12 
14/17 
15/18 
15/18 
16/19 
MULUB 
(2-op) 
10 
10 
12/15 
12/16 
12/16 
14/17 
DIVB 
18 
18 
20/23 
21/24 
21/24 
22/25 
DIVUB 
16 
16 
18/21 
19/22 
19/22 
20/23 


AND 
(3-op) 
5 
6 
7/9 
8/10 
7/9 
8/10 
AND 
(2-op) 
4 
5 
6/8 
7/9 
6/8 
7/9 
OR 
(2-op) 
4 
5 
6/8 
7/9 
6/8 
7/9 
XOR 
4 
5 
6/8 
7/9 
6/8 
7/9 
ANDB 
(3-op) 
5 
5 
7/9 
8/10 
7/9 
8/10 
ANDB 
(2-op) 
4 
4 
6/8 
7/9 
6/8 
7/9 
ORB 
(2-op) 
4 
4 
6/8 
7/9 
6/8 
7/9 
XORB 
4 
4 
6/8 
7/9 
6/8 
7/9 


LD/LDB 
4 
5 
5/7 
6/8 
6/8 
7/9 
ST/STB 
4 
5 
5/7 
6/8 
6/8 
7/9 
LDBSE 
4 
4 
5/7 
6/8 
6/8 
7/9 
LDBZE 
4 
4 
5/7 
6/8 
6/8 
7/9 


BMOV 
6+8 
per word 
6 + 11/14 per word 


PUSH 
(intstack) 
6 
7 
9/12 
10/13 
10/13 
11/14 
POP 
lintstack) 
8 
- 
10/12 
11/13 
11/13 
12/14 
PUSH 
(extstack) 
8 
9 
11/14 
12/15 
12/15 
13/16 
POP 
(extstack) 
11 
- 
13/15 
14/16 
14/16 
15/17 


'Times 
for (Internal/External) 
Operands 
Figure 17a.lnstruction 
Execution 
State Times 


MNEMONIC 
MNEMONIC 


PUSHF (int stack) 
6 
PUSHF (ext stack) 
8 
POPF (int stack) 
7 
POPF (ext stack) 
10 
PUSHA (int stack) 
12 
PUSHA (ext stack) 
18 
POPA (int stack) 
12 
POPA (ext stack) 
18 


TRAP (int stack) 
16 
TRAP (ext stack) 
18 
LCALL (int stack) 
11 
LCALL (ext stack) 
13 
SCALL (int stack) 
11 
SCALL (ext stack) 
13 
RET (int stack) 
11 
RET (ext stack) 
14 


CMPL 
7 
OEC/OECB 
3 
CLR/CLRB 
3 
EXT/EXTB 
4 
NOTINOTB 
3 
INC/INCB 
3 
NEG/NEGB 
3 


LJMP 
7 


SJMP 
7 


BR [indirect] 
7 


JNST, JST 
4/8 jump not taken/jump 
taken 


JNH, JH 
4/8 jump not taken/jump 
taken 


JGT. JLE 
4/8 jump not taken/jump 
taken 


JNC. JC 
4/8 jump not taken/jump 
taken 


JNVT, JVT 
4/8 jump not taken/jump 
taken 


JNV. JV 
4/8 jump not taken/jump 
taken 


JGE. JLT 
4/8 jump not taken/jump 
taken 


JNE, JE 
4/8 jump not taken/jump 
taken 


JBC. JBS 
5/9 jump not taken/jump 
taken 


OJNZ 
5/9 jump not taken/jump 
taken 


OJNZW 
5/9 jump not taken/jump 
taken 


NORML 
8 + 1 per shift (9 for 0 shift) 


SHRL 
7 + 1 per shift (8for 0 shift) 


SHLL 
7 + 1 per shift (8for 0 shift) 


SHRAL 
7 + 1 per shift (8for 0 shift) 


SHR/SHRB 
6 + 1 per shift (7 for 0 shift) 


SHL/SHLB 
6 + 1 per shift (7 for 0 shift) 


SHRAISHRAB 
6 + 1 per shift (7 for 0 shift) 


CLRC 
2 


SETC 
2 


01 
2 


EI 
2 


CLRVT 
2 


NOP 
2 


RST 
15 (includes fetch of configuration 
byte) 


SKIP 
3 


10LPO 
8/25 (proper key/improper 
key) 


There are five major peripherals on the 8OC196KA: the 
serial port, analog to digital converter, pulse-width- 
modulated output, standard I/O 
ports and the high 


speed I/O unit. With the exception of the high speed 
I/O unit (HSIO), each of the peripherals is a single unit 
that can be discussed without further separation. These 
peripherals will be described after the HSIO unit. 


Four individual sections make up the HSIO and work 
together to form a very flexible timer/counter 
based 


I/O system. Included in the HSIO are a 16-bit timer 
(TIMERl), 
a 16-bit up/down 
counter (TIMER2), 
a 


programmable high speed input unit (HSI), and a pro- 
grammable high speed output unit (HSO). 


With very little CPU overhead the HSIO can measure 
pulse widths, generate waveforms, and create periodic 
interrupts. 
Depending on the application, it can per- 


form the work of up to 18 timer/counters and capture/ 
compare registers. Timerl and Timer2 are used as the 
time bases for the HSIO. After describing their opera- 
tion, the HSI and then the HSO will be discussed. 


Timer! is a free-running timer which is incremented 
every eight state times, just as it is on the 8096. It can 
be read and written, but care must be taken when writ- 
ing to it if the, High Speed I/O (HSIO) Subsystem is 
being used. The precautions necessary when writing to 
Timer! are described in the HSIO section. Timer! can 
cause an interrupt when it overflows from OFFFFH to 
OOOOHif enabled by setting IOCl.2 = I. 


Timer2 on the 8OCl96KA has many enhancements 
over Timer2 on the 8096. It counts transitions, both 
positive and negative, on its input which can be either 
the T2CLK pin or the HSI.I pin depending on the state 
of IOCO.7. The maximum transition speed is once per 
state time in the Fast Increment mode, and once every 
8 states otherwise. Timer2 can be read and written and 
can be reset by hardware, software or the HSO unit. 


Interrupts 
can be generated 
if Timer2 
crosses the 


OFFFFH/OOOOH boundary 
or 
the 
7FFFH/8000h 


boundary in either direction. By having two interrupt 
points it is possible to have interrupts enabled even if 
Timer2 is counting up and down centered around one 
of the interrupt points. The interrupt can be set to vec- 
tor through location 2038H or 2000H using the inter- 
rupt mask registers and IOCI.3. 


The 
value 
in 
Timer2 
can 
be 
captured 
into 
the 


TICAPture register by a rising edge on P2.7. TICAP is 
located at OCH in register plane 15. The interrupt gen- 
erated by a capture vectors through location 2036H. 


Timer2 can be placed in the Fast Increment mode by 
setting IOC2.0. In this mode it is not synchronized to 
the HSO unit and may not work properly with the 
HSO if transitions occur faster than every 8 states. In 
addition, HSO events based on Timer2 may not occur 
as expected if a count transition occurs within 8 state 
times before or after the timer is reset by other than an 
HSO event. 


Timer2 can be made to count up or down based on the 
Port 2.6 pin if IOC2.1 = I. However, caution must be 
used when this feature is working in conjunction with 
the HSO. If Timer2 does not complete a full cycle it is 
possible to have events in the CAM which never match 
the timer. These events would stay in the CAM until 
the CAM is cleared or the chip is reset. 


The following control/status 
bits are associated with 


the Timer2: 


Bit = 1 
Bit = 0 


IOCO.1 
Reset Timer2 each write 
No action 


IOCO.3 
Enable external reset 
Disable 


IOCO.5 
HSI.Ois ext. reset source 
T2RST is reset source 


lOCO.? 
HSI.1 is T2 clock source 
T2CLK is clock source 


IOC1.3 
Enable Timer2 overflow into 
Disable overflow interrupt 


IOC2.0 
Enable fast increment 
Disable fast increment 


IOC2.1 
Enable downcount feature 
Disable downcount 


P2.6 
Count down if IOC2.1 = 1 
Count up 


IOC2.5 
Interrupt on ?FFFH/8000H 
Interrupt on OFFFFH/OOOOH 
P2.? 
Capture Timer2 into T2CAPture 
on rising edge 


The High Speed Input (HSI) unit can capture the value 
of Timer! when an event takes place on one of four 
input lines. Four types of events can trigger a capture; 
rising edges only, falling edges only, rising or falling 
edges or every eighth rising edge. Whenever the every 
eighth rising edge mode is entered the divide-by-8 coun- 
ter is reset, allowing very fast pulses to be measured and 
counted. The input lines are sampled for events during 
every PhaseL A block diagram ofthis unit is shown in 
Figure 18. 


Each of the input lines can be individually programmed 
to select the type of event to trigger on using the HSL 
MODE register (shown in Figure 19). Several bits of 
the lOCO register enable and disable the HSI lines, as 
well as control the inputs to Timer2. The function of 
these bits is shown in Figure 20. 


When events occur, the Timer! value and 4 status bits 
indicating which line(s) had events get stored in a 7 
level flfo. The next event ready to be unloaded from the 
fifo is placed in the HSI Holding Register, so a total of 
8 pieces of data can be stored in the fifo. If events occur 
after the fifo is full they will not be recorded and the 
fifo will contain the information gathered prior to the 
overflow error condition. 


Data is taken off the fifo by reading the HSI_ST ATUS 
register, followed by reading the HSI_TIME 
register. 


When the high byte of the time register is read the next 
flfo location is loaded into the holding register, so read- 
ing HSI_ TIME before HSI_ST ATUS will result in 
getting the wrong status information. For convenience 
the HSI time register should be read as a word. The 
HSI unit is synchronized to Timer! which increments 
every 8 state times. For this reason it is required that 8 
state times elapse between reading HSI_ TIME and the 
next HSI_STATUS. 
The 
HSI_STATUS 
register, 


shown in Figure 21, also contains bits which indicate 
the level of the HSI pins at the time that HSI_ 
STATUS is read. 


The HSI can generate interrupt~ in three ways: each 
time a value moves from the fifo into the holding regis- 
ter; 'when the fifo (independent of the holding register) 
has 4 or more events stored; when the fifo has 6 or 
more events stored. The first case is called FIFO_ 
LOADED, the second is FIFO_ 4, and the last case is 
called FIFOJULL. 
Either the FIFO_LOADED 
or 


the FIFO_FULL 
interrupts can be selected by IOCL7 


to vector through location 2004H. The FIFO_4 
inter- 


rupt vectors through location 2034H, and the FIFO_ 
LOADED interrupt vectors through location 203CH. 
An additional interrupt can be generated by a rising 
edge on the HSI.O pin, even if the pin is not enabled to 
the HSI unit. This interrupt vectors through location 
2008H. 


HSI.O 


HSI.l 


HSI.2 


HSI.3 


XTAL1/16 


TRIGGERED 


CHANGE 
INPUT(S) 


DETECTOR 


HSI.O 
tolODE 


HSI.l 
tolODE 


HSI.2 
tolODE 


HSI.3 
tolODE 


WHERE 
EACH 
2 - 
BIT tolODE CONTROL 
FIELD 


DEFINES 
ONE 
OF 4 POSSIBLE 
tolODES: 


00 
8 
POSITIVE 
TRANSITIONS 
01 
EACH 
POSITIVE 
TRANSITION 
10 
EACH 
NEGATIVE 
TRANSITION 
11 
EVERY TRANSITION 
(POSITIVE 
AND 
NEGATIVE) 


lOCO (15H) 


T2RST 
~ 
• - - IOCO.5 
I~ 
--O-----T2 
RESET 


~. 


• - - IOCO.3 


• - - IOCO.O 


HSI.O 
~-------- 
HSI 


• -- 
IOCO.2 
ro"'-0-------- 
HSI 


HSI.l 
~--------TltolER2 


T2CLK 
~ 
~ - - IOCO.7 
CLOCK 


• _. 
IOCOA 


HSI.2 
~ 
"'-0-------- 
HSI 


.-. 
IOCO.6 


HSI.3 
~ "'-0-------- 
HSI 
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HSl.l 
STATUS 


HSI.2 
STATUS 


HSI.3 
STATUS 


WHERE 
FOR 
EACH 
2 - 
BIT STATUS 
FIELD 
THE 
LOWER 
BIT INDICATES 
WHETHER 
OR NOT AN 
EVENT 
HAS 
OCCURED 
ON THIS 
PIN AND 
THE 
UPPER 
BIT INDICATES 
THE CURRENT 
STATUS 
OF THE PIN. 


The High SpeedOutput (HSO) unit can generate events 
at specifiedtimes or counts based on Timer! or Timer2. 
A block diagram of the HSO unit is shown in Figure 
22. Up to 8 pending events can be stored in the CAM 
(Content Addressable Memory) of the HSO unit at one 
time. Commands are placed into the HSO unit by first 
writing to HSO_COMMAND 
with the event to oc- 


cur, and then to HSO_TIME 
with the timer match 


value. Although HSO_TIME 
is usually written as a 
word, it is the writing of the high byte which sends the 
command into the CAM. Since the HSO is synchroniz- 
ed to Timer! and the HSI, 8 state times must elapse 
between writing to HSO_TIME 
and writing the next 


HSO_COMMAND. 


Sixteendifferent types of events can be triggered by the 
HSO: 8 external and 8 internal. There are two interrupt 
vectors associated with the HSO. The one at 2006H is 
used for external events, the one at 200AH, called the 
Software Timer Interrupt, is used for internal events. 
External events consist of switching up to 6 lines, 
HSO.O through HSO.5. These lines switch during 
Phase!. (Note that HSO.4 and HSO.5 are shared with 
HSI.2 and HSI.3.) 


Internal events include setting up 4 Software Timers, 
resetting Timer2, and starting an A to D conversion. 
The software timers are flags that can be set by the 
HSO and optionally cause interrupts. The format for 
the HSO commands is shown in Figure 23. Note that 
commands OCand OD will act as additional software 
timer commands with no associated status bit. They are 
useful only if the interrupt bit (bit4) is set in the HSO_ 
COMMAND. 


HIGH 
SPEED 
OUTPUT 
CONTROLS 


6 PINS 
4 SOFTWARE 
TIMERS 
2 INTERRUPTS 
INITIATE 
AID 
CONVERSION 


RESET 
TIMER2 


7 
6 
5 
4 
3 
I 
2 
I 
1 
I 
1 


CAM 
TMR21 
SETI 
INTI 
CHANNEL 
LOCK 
TMR1 
CLEAR 
INT 


HSO_ 
COMMAND 


CAM Lock 
- 
Locks event in CAM if this is enabled by IOC2.6 (ENA-LOCK) 
TMR/TMR1 - 
Events Based on Timer2 I Based on Timer1 if 0 


SETICLEAR - 
Set HSO line I Clear HSO line if 0 


INTliNT 
- 
Cause Interrupt I No interrupt if 0 


CHANNEL: 
0-5: 
HSO lines 0-5 


(in Hex): 
6 : 
HSO lines 0 and 1 
7: 
HSO lines 2 and 3 
8-B: 
Software Timers 0-4 
C-D: 
Unflagged Events 
E: 
Reset Timer2 
F: 
Start A to D conversion 


The CAM Lock bit (HSO_Command.7) 
can be set to 


keep commands in the CAM, otherwise the commands 
will clear from the CAM as soon as they cause an 
event. This feature is best used to generate periodic 
events based on Timer2 and must be enabled by setting 
IOC2.6. To clear locked events from the CAM, the en- 
tire CAM must be cleared by writing a one to the CAM 
clear bit IOC2.7. A chip reset will also clear the CAM. 
It is possible to cancel individual external events by 
writing the opposite-event to the CAM and setting it to 


occur at the same time. Both of these events will then 
remain in the CAM until the time tag is matched. 


Since HSO events are dependent on exact matches of 
the timers with the values in the CAM, it is important 
to be very careful when using timers in any mode ex- 
cept continuous counting in one direction. If Timer2 is 
used in the Fast Count mode, the HSO should not be 
used if counts could occur faster than once every 8 state 
times. 


inter 


A status register, IOS2, has been added to the 8OCl96KA to indicate which events have been generated by the HSO 
unit. IOS2 is cleared whenever it is accessed (a jump on bit is considered an access). The correspondence between the 
HSO events and the bits in the IOS2 is shown below. 


Bits 0 through 5 indicate that a command affecting the corresponding HSO pin was executed. Bits 6 and 7 indicate 
occurrence of HSO_CMD_14 
and HSO_CMD_15 
respectively (Reset Timer2 and Start AID Converter.) This 
register clears on read. 


The 10SO register contains the status of the HSO lines. When WSR = 15, writing to this register changes the values 
on the HSO pins. However, the HSO can change this written value by executing a command. The 10SO register 
format is shown below. 


Bits 0 through 5 indicate the state of the I/O line. Bits 6 and 7 indicate that a space is available in the CAM and a 
space is available in the holding register, respectively. 


The serial port on the 8OCl96KA has three full-duplex asynchronous modes and one synchronous mode. All of the 
modes are compatible with the other MCS@-96parts and members of the MCS@-51product family. The synchro- 
nous mode is called Mode 0, the asynchronous modes are called Modes I, 2 and 3. An independent baud rate 
generator determines the baud rate for all of the modes. The baud rate value is different than that used for the 8096. 


Mode 0 synchronous operation uses the RXD pin to input or output data 8 bits at a time. TXD is used to output the 
clock signal. The low time of the clock is always two states except in the fastest mode. In the fastest mode, set by 
entering a 800IH into the baud register, the low and high times of the clock are each one state time. Figure 24 shows 
the relative timings of the serial port operating in Mode O. 


Mode I is the standard asynchronous serial communication mode. A lO-bit frame (shown in Figure 25) is transmit- 
ted or received using a start bit, 8 data bits, and a stop bit. If parity is enabled by setting PEN = I, an even parity bit 
is sent instead of the 8th data bit and parity is checked on reception. 


Mode 2 is the 9th bit recognition mode and is frequently used with Mode 3 in interprocessor communication. In this 
mode an II-bit frame (shown in Figure 25) consisting of a start bit, 9 data bits, and a stop bit are sent and received. 
When transmitting, the 9th bit can be set using TB8. During reception the RI flag and interrupts will not be set 
unless the 9th data bit is high. Parity cannot be enabled in this mode. 


Mode 3 uses the same II-bit frame as Mode 2. When transmitting, parity can be enabled, providing 8 data bits and 
an even parity bit in place of the 9th data bit. When receiving, the RI bit is always set and the RB8 bit contains the 
value of the 9th data bit. If parity is enabled, (PEN = I), the RB8/RPE bit wilLindicate a parity error if one occurs. 
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TXD "'lJ '''u "'lJ "'u '''u "'U "'U '''U 


RXD(In) """'"\v~ 
r-"\V~Dr--'v'~~r-"\vQ 
r-"\ V~ 
r-"\v~ 
r-"\v~ 
r-"\v~~ 


--J\-J\-J\-J\-JL.....I\-JL.....I\-J\-JL.....I\...-J\-J\...-J\-J\...-J~ 


D3 


•• BITS OF DATA 


PROGRAMMABLE 
8TH BIT 
--- 


11·BIT FRAME 


Baud rates are generated based on either the T2CLK 
pin or XTALl pin. The values used are different than 
those used for the 8096 because the 80Cl96KA uses a 
divide-by-2 clock instead of a divide-by-3 clock to gen- 
erate the internal timings. Baud rates are calculated us- 
ing the following formulas where BAUD_REG 
is the 


value loaded into the baud rate register: 


Asynchronous 
Modes 
1, 2 and 3: 


BAUD_REG 
= 
XTAL1 
- 
1 
OR 
Baud Rate' 
16 


T2CLK 


Baud Rate' 
8 


Synchronous 
Mode 0: 


BAUD 
REG = 
XTAL1 
- 
1 
OR 


- 
Baud Rate' 
2 


T2CLK 


Baud Rate 


The most significant bit in the baud register value is set 
to a one to select XTALI as the source. If it is a zero 
the T2CLK pin becomes the source. The following ta- 
ble shows some typical baud rate values: 


BAUD 
XTAL1FREQUENCY 


RATE 
8.0 MHz 
10.0 MHz 
12.0 MHz 


300 
1666/-0.02 
2082/0.02 
2499/0.00 
1200 
416/ 
-0.08 
520/-0.03 
624/0.00 


2400 
207/0.16 
259/0.16 
312/ 
-0.16 
4800 
103/0.16 
129/0.16 
155/0.16 


9600 
51/0.16 
64/0.16 
77 / 0.16 


19.2K 
25/0.16 
32/1.40 
38/0.16 


A maximum baud rate of 750 Kbaud is available in the 
asynchronous 
modes with l2MHz 
on XTALJ. 
The 
synchronous mode has a maximum rate of 3.0 Mbaud 
with a 12 MHz clock. Location OEH is the Baud Regis- 
ter. It is loaded sequentially in two bytes. with the low 
byte being loaded first. This register may not be loaded 
with zero in serial port Mode O. 


inter 


Reading the serial port is done through 
the Serial 
BUFfer receive (SBUF(RX) 
register at location 7. This 
register is double butTered so data can continually be 
received. Writing to the serial port is done through 
SBUF(TX), also addressed at location 7. This register is 
double butTered on the 8OC196K.Ato allow two bytes 
at a time to be written to the serial port. 


Serial port control is done through 
the Serial Port 
CONtrol 
(SP_CON) 
register at location IIH. 
This 
register is write-only in Window 0 and has the follow- 
ing format: 


TB8 
- 
Sets the ninth data bit for transmission. 
Cleared after each transmission. Not valid if 
parity is enabled 
REN 
- 
Enables the receiver 
PEN 
- 
Enables the Parity function (even parity) 
M2,MI- 
Sets the mode. ModeO=OO, Model =01, 
Mode2 = 10, Mode3 = II 


The status of the serial port is read through the bits in 
the Serial Port STATus (SP_STAT) 
register, also at 
location IIH. Figure 21 shows the status bits of this 
register. On the 80CI96KA 
the SP_STAT 
register 
contains new bits to indicate receive Overrun Error 
(OE), Framing 
Error 
(FE), and Transmiter 
Empty 
(TXE). The bits which were also present on the 8096 
are the Transmit Interrupt (TI) bit, the Receive Inter- 
rupt (RI) bit, and the Received Bit 8 (RB8) or Receive 
Parity Error 
(RPE) bit. SP_ST AT is read-only in 
Window 0 and has the following format: 


7 
6 
5 
4 
3 
2 
1 
0 


RBS/ 
RI 
TI 
FE 
OE 
RPE 
TXE 
X 
X 


RB8 
- 
Set if the 9th data bit is high on reception 
(parity disabled) 
RPE 
- 
Set if parity is enabled and a parity error 
occurred 
RI 
- 
Set at the end of the STOP bit reception 
TI 
- 
Set at the beginning of the STOP bit trans- 
mission 
FE 
- 
Set if no STOP bit is found at the end of a 
reception 


TXE 
- 
Set if two bytes can be sent to SBUF(TX) 
OE 
- 
Set if a byte is lost because SBUF was not 
read fast enough 


The receiver on the 80CI96KA checks for a valid stop 
bit. When one is detected, the data in the receive shift 
register is loaded into SBUF(RX). If a stop bit is not 
found within the appropriate time the Framing Error 
(FE) bit is set. In either case, the data in the receive 
shift register is loaded into SBUF(RX) and the RI bit is 
set. 
If 
this 
happens 
before 
the 
previous 
byte 
in 
SBUF(RX) is read, the Overflow Error (OE) bit is set. 
The data in SBUF(RX) will always be the latest byte 
received; it will never be a combination of the two 
bytes. When the RI bit is set it can cause an interrupt 
through the vectors at locations 200CH and 2032H. 
The RI, OE, and FE bits are reset when SP_STAT 
is 
read. 


The Transmitter Empty (TXE) bit is set if the transmit 
FIFO is empty and ready to take up to two characters 
to be sent. TXE gets cleared as soon as a byte is written 
to SBUF. Two bytes may be written consecutively to 
SBUF if TXE is set. One byte may be written if TI 
alone is set. By definition, if TXE has just been set, a 
transmission has completed and TI will be set. When 
the TI bit is set it can cause an interrupt through the 
vectors at locations 200CH 
and 2032H. The user 
should not mask otTthis interrupt when using the dou- 
ble-butTeredfeature of the transmitter, as it could cause 
a missed count in the number of bytes being transmit- 
ted. The TI bit is reset when the CPU reads the SP_ 
STAT registers. 


The 80CI96KA A-to-D converter has 10bits ofresolu- 
tion and can be run in modes compatible with either the 
8096-90 or the 8096BH. Conversions can be performed 
on one of eight channels, the inputs of which share pins 
with port O.The A to D includes a switchable Sample 
and Hold feature for the selected channel and does the 
conversion in as little as 91 state times. 


Conversions are started by loading the AD_COM- 
MAND register at location 02H with the channel num- 
ber. The conversion can be started immediately be set- 
ting the GO bit to a one. If it is cleared the conversion 
will start when the HSO unit triggers it. The AD_ 
COMMAND register has the following format: 


ATOD_ 
COMMAND: 
7 
6 
5 
4 
3 
2 I 1 I 0 


X 
X 
X 
X 
GO 
CHANNEL 
NUMBER 


The A-to-D converter can cause an interrupt to occur through the vector at location 2002H when it completes a 
conversion. It is also possible to use a polling method by checking the Status (S) bit in the lower byte of the AD_ 
RESULT register, also at location 02H. The status bit will be a I while a conversion is in progress. It takes 8 state 
times to set this bit after a conversion is started. The upper byte of the result register contains the most significant 8 
bits of the conversion. The lower byte format is shown below: 


ATOD_ 
RESULT_ 
LO: 


7 I 
6 
5 
4 
3 
2 
I 
1 
I 
0 


LOWEST 2 
CHANNEL 
RESULT 
X 
X 
S 
NUMBER 
BITS 


At high crystal frequencies, more time is needed to allow the comparator to settle. For this reason IOC2.4 is 
provided to adjust the speed of the A-to-D conversion by disabling/enabling a clock prescaler. At low frequencies the 
leakage currents cause the sample and hold not to work, so IOC2.3 is provided to turn the sample and hold feature 
off. 


A summary of the conversion time for the four options is shown below. The numbers represent the number of state 
times required for conversion, e.g., 91 states is 22.7 IJoswith an 8 MHz XTALI (providing a 250 ns state time.) 


IOC2.3 1/0 = Sample and Hold off/on 
IOC2.4 1/0 = A to D Clock Prescaler off/on 


10MHz XTAL I maximum with prescaler off 


Clock Prescaler 
On 
Clock Prescaler 
Off 
IOC2.4=0 
IOC2.4= 1 


IOC2.3=0 
158 states 
91 states 
91 states 


withS&H 
26.33 IJos@ 12 MHz 
22.751Jos @ 8 MHz 
18.21Jos @ 10 MHz 


OC2.3= 
1 
293 states 
163 states 
163 states 
withoutS&H 
48.83 IJos@ 12 MHz 
40.751Jos @ 8 MHz 
32.61Jos @ 10 MHz 


3.7 PULSE-WIDTH-MODULATION 
OUTPUT 
(PWM) 


The PWM output unit is an 8-bit counter which incre- 
ments every state time. When the counter equals zero 
the output is set high, when it equals the value in the 
PWM register (location 17H) the output goes low. This 
provides an approximation 
to an analog output 
for 


driving motors and other similar devices. A block dia- 
gram of the PWM unit and examples of PWM wave- 
forms are shown in Figures 26 and 27 respectively. The 
80CI96KA PWM unit has a prescaler bit (divide by 2) 
which is enabled by setting IOC2.2 = 1. This allows the 
counter to have a period of 512 state times instead of 
256. The PWM frequencies are as follows: 


XTAL1 
= 
8 MHz 
10 MHz 
12 MHz 


IOC2.2=0 
15.6 KHz 
19.6 KHz 
23.6 KHz 


IOC2.2=1 
7.8 KHz 
9.8 KHz 
11.8 KHz 


inter 


DUTY 
PWM CONTROL 


CYCLE 
REGISTER 
VALUE 
OUTPUT 
WAVEFORM 


0% 
00 
HI 


LO 


10% 
25 
~~Jl 
n 
n 


50% 
121 
HI 


LO 


lIO% 
230 
HI .J 
U 
U 
LO 


".1% 
255 
HI 


LO 
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Figure 27. PWM Waveforms 


Five 
(5) 
8-bit 
I/O 
ports 
are 
available 
on 
the 


80CI96KA. Port 0 (location OEH) is an input only port 
which shares its pins with the A to D converter. Port I 
(location OFH) is a quasi-bidirectional port. Port 2 (lo- 
cation IOH) has multiple functions on its pins as shown 
in Figure 28. 


Quasi-bidirectional pins can be used as input and out- 
put pins without the need for a data direction register. 
They output a strong low value and a weak high value. 
The weak high value can be externally pulled low pro- 
viding an input function. Figure 29 shows the configu- 
ration of a CHMOS quasi-bidirectional port. Note that 
it is not identical to the NMOS version. 


Outputting a 0 on a quasi-bidirectional pin turns on the 
strong pull-down and turns off all of the pull-ups. 
When a 1 is output the pull-down is turned off and 3 
pull-ups (strong-PI, weak-P3, very weak-P2) are turned 
on. Each time a pin switches from 0 to 1 transistor PI 
turns on for two state times. P2 remains on until a zero 
is written to the pin. P3 is used as a latch, so it is turned 
on whenever the pin is above the threshold 
value 


(around 2 volts). 


To reduce the amount of current which flows when the 
pin is externally pulled low, P3 is turned off when the 
pin voltage drops below the threshold. The current re- 
quired to pull the pin from a high to a low is at its 
maximum just prior to the pull-up turning off. An ex- 
ternal driver can switch these pins easily. The maxi- 
mum current required occurs at the threshold voltage 
and is approximately 700 microamps. 


Ports 3 and 4 are open drain I/O ports which share 
their pins with the System Bus. The port 3 and 4 pins 
will act as port pins if the EA pin is set for internal 
access and external memory is not being accessed. In all 
other cases the ports must be reconstructed with exter- 
nal hardware since the system bus uses the pins. Since 
external 
memory 
is 
always 
required 
with 
the 


8OCl96KA, these ports must be reconstructed by plac- 
ing latches at addresses IFFE and IFFFH in external 
memory. Future ROM and EPROM parts will be able 
to use the on-chip ports. By using the port reconstruc- 
tion feature it is possible to build a multi-chip system 
which is exactly software compatible with a single-chip 
system. 


PIN FUNC. 
ALTERNATE 
CONTROL 


FUNCTION 
REG. 


2.0 Output TXO (Serial Port Transmit) 
IOC1.5 


2.1 
Input 
RXO (Serial Port Receive) 
SPCON.3 


2.3 
Input 
T2ClK 
(Timer2 Clock & Baud) IOCO.7 


2.4 
Input 
T2RST (Timer2 Reset) 
IOCO.5 


2.5 Output 
PWM Output 
IOC1.0 


2.6 OBO' 
Timer2 up/down select 
IOC2.1 


2.7 OBO' 
Timer2 Capture 
N/A 


'QBD = Quasi-bidirectional 
Figure 28. Port 2 Multiple Functions 


Q 
FROM 
PORT 


LATCH 
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CHMOSConfiguration.pFET 1 is turned on for 2 osc. periods after Q makes a 1-to-0transition.Duringthis time, pFET 1 
also turns on pFET 3 through the inverterto forma latch whichholds the 1. pFET2 is also on. 


I/O register expansion on the new CHMOS members of the MCS-96 family has been provided by making two 
register windows available. Switching between these windows is done using the Window Select Register (WSR). The 
PUSHA and POPA instructions can be used to push and pop the WSR and second interrupt mask when entering or 
leaving interrupts, so it is easy to change between windows. 


On the 8OCl96KA only Window 0 and Window 15are active. Window 0 is a true superset of the standard 8096 SFR 
space, while Window 15 allows the read-only registers to be written and write-only registers to be read. The only 
major exception to this is the Timer2 register which is the Timer2 capture register in Window 15. The writeable 
register for Timer2 is in Window O. There are also some minor changes and cautions. The descriptions of the 
registers which have different functions in Window 15 than in Window 0 are listed below: 
AD_COMMAND 
(02H) 
- 
Read the last written command 
AD_RESULT 
(02H, 03H) - 
Write a value into the result register 
HSI_MODE 
(03H) 
- 
Read the value in HSI_MODE 
HSI_TIME 
(04H,05H) 
- 
Write to FIFO Holding register 
HSO_TIME 
(04H,05H) 
- 
Read the last value placed in the holding register 
HSI_STATUS 
(06H) 
- 
Write to status bits but not to HSI pin bits. (Pin bits are 1,3,5,7). 


HSO_COMMAND 
(06H) - 
Read the last value placed in the holding register 
SBUF(RX) (07H) 
- 
Write a value into the receive buffer 
SBUF(TX) (07H) 
- 
Read the last value written to the transmit buffer 
WATCHDOG(OAH) 
- 
Read the value in the upper byte of the WDT 
TIMERI (OAH,OBH) 
- 
Write a value to Timerl 
TIMER2 (OCH,ODH) 
- 
ReadlWrite 
the Timer2 capture register. 
(Timer2 read/write is done with WSR =0) 
- 
Last written value is readable, except bit 7 (note I) 
- 
No function, cannot be read 
- 
No function, no output drivers on the pins 
- 
Set the status bits, TI and RI can be set, but it will not cause an interrupt 


IOC2 (OBH) 
BAUD_RATE 
(OEH) 


PORTO (OEH) 
SP_STAT 
(l1H) 


inter 


- 
Read the current control byte 
- 
Writing to this register controls the HSO pins. Bits 6 and 7 are inactive for writes. 


- 
Last written value is readable, except bit I (note I) 


- 
Writing to this register will set the status bits, but not cause interrupts. Bits 6 and 7 
are not functional 


lOCI (16H) 
- 
Last written value is readable 


IOS2 (17H) 
- 
Writing to this register will set the status bits, but not cause interrupts. 


PWM_CONTROL 
(17H) - 
Read the duty cycle value written to PW~CONTROL 


SP_CON (IIH) 
10SO(I5H) 
lOCO(15H) 
10SI (16H) 


Note: 


1. IOC2.7 (CAM CLEAR) and 10CO.I (TIRST) are not latched and will read as a 1 (precharged bus) . 


Being able to write to the read-only registers and vice-versa provides a lot of flexibility. One of the most useful 
advantages is the ability to set the timers .and HSO lines for initial conditions other than zero. 


A summary of the SFRs which control I/O functions has been included in this section. The summary is separated 
into a list of those SFRs which have changed on the 80CI96KA and a list of those which have remained the same. 


The following 8OCl96KA SFRs are different than those on the 8096BH: 
(The Read and Write comments indicate the register's function in Window 0 unless otherwise specified.) 


SBUF(TX) 
- 
Now double buffered 


07h 
write 


BAUD RATE- 
Uses new Baud Rate Values 


OEh 
write 


7 
6 
5 
4 
3 
2 
1 
0 


AB8/ 
AI 
TI 
FE 
TXE 
OE 
X 
X 
APE 


llh 
read 


RPE: 
RI: 
TI: 
FE: 
TXE: 
OE: 


Receive Parity Error 
Receive Indicator 
Transmit Indicator 
Framing Error 
Transmitter Empty 
Receive Overrun Error 


IPENDt: 
IMASKt: 


12h,13h 
read/write 


7 
6 
5 
4 
3 
2 
1 
0 


NMI 
FIFO 
EXT 
T2 
T2 
HSI4 
AI 
TI 
FULL 
INT 
OVF 
CAP 


NMI : 
Non-Maskable Interrupt 


FIFO FULL: HSIO FIFO full 
EXTINT : 
External Interrupt Pin 


T20VF : 
Timer2 Overflow 


T2CAP : 
Timer2 Capture 


HSI4 : 
HSI has 4 or more entries in FIFO 


RI : 
Receive Interrupt 


TI : 
Transmit Interrupt 


14h 
read/write 


17h 
read 


OBh 
write 


WWWW = 0 : SFRs function like a superset of 8096 SFRs 
WWWW= 15: Exchange read/write registers 
WWWW=OTHER: 
Undefined, do not use 


XXXX = OOOOB: 
These bits must always be written as zeros to provide compatibility 
with future products. 


7 
6 
5 
4 
3 
2 
1 
0 


START 
T2 
HSO.5 
HSO.4 
HSO.3 
HSO.2 
HSO.1 
HSO.O 
A2D 
RESET 


STARTA2D: 
T2RESET: 
HSO.0-5 : 


HSO_CMD 
15, start A to D 
HSO_CMD 
14, Timer 2 reset 
Output pins HSO.O through HSO.5 


7 
6 
5 
4 
3 
2 
1 
0 


CLEAR 
ENA 
T2ALT 
A2D 
NOSH 
SLOW 
T2UD 
FAST 


CAM 
LOCK 
INT 
CPD 
PWM 
ENA 
T2EN 


CLEAIL-CAM 
: 
ENA...-LOCK : 


T2ALTINT: 
A2D_CPD: 


NOSH: 
SLOW_PWM: 


T2UDENA: 
FAST_T2EN: 


Clear Entire CAM 
Enable lockable CAM entry feature 
Enable T2 Alternate Interrupt at 8000H 
Clock Prescale Disable for low XTAL frequency (A to D conversion in 
fewer state times) 
Disable AID Sample and Hold 
Turn on divide by 2 Prescaler on PWM 
Enable Timer 2 as up/down counter 
Enable Fast increment of T2; once per state time. 


AID Command (02H) 


IJ 


CHANNEL 
/I SELECTS 
WHICH 
OF THE 
8 


1 
ANALOG 
INPUT 
CHANNELS 
IS TO BE 


CONVERTED 
TO DIGITAL 
FORM. 


: 
GO INDICATES 
WHEN 
THE CONVERSION 
IS TO 


BE INITIATED (GO = 1 MEANS 
START 
NOW, 


GO = 0 
MEANS 
THE CONVERSION 
IS TO BE 


INITIATED 
BY THE HSO 
UNIT 
AT A SPECIFIED 
TIME). 
270418-30 


STATUS: 


0= 
A/D 
CURRENTLY 
IDLE 


1 = CONVERSION 
IN PROCESS 


X 


X 


A/D 
RESULT: 
LEAST 
SIGNIFICANT 
2 BITS 


270418-27 


POWERDOWN 
t.lODE 
ENABLE· 


BUS 
WIDTH 
SELECT 


(16 - BIT BUS/8- ---BI-T-B-U-S") 


WRITE 
STROBE 
t.lODE 
SELECT 


(WR 
AND 
BHE/WRL 
AND 
WRH) 


ADDRESS 
VALID 
STROBE 
SELECT 


(ALE/ 
ADV) 


(IRCO) 
} INTERNAL 
READY 
CONTROL 


(IRC1) 
t.lODE 


(LOCO) 
} 
(LOC 1) 
PROGRAt.l 
LOCK 
t.lODE 


270418-29 


HSI.O 
t.lODE 


HSI.l 
t.lODE 


HSI.2 
t.lODE 


HSI.3 
t.lODE 


WHERE 
EACH 
2 - 
BIT t.lODE 
CONTROL 
FIELD 


DEFINES 
ONE 
OF 4 POSSIBLE 
t.lODES: 


00 
8 
POSITIVE 
TRANSITIONS 


01 
EACH 
POSITIVE 
TRANSITION 


10 
EACH 
NEGATIVE 
TRANSITION 


11 
EVERY TRANSITION 
(POSITIVE 
AND 
NEGATIVE) 


HSO Command 
(06H) 


CHANNEL: 


0-5 
HSO.O - 
HSO.5 


BIT: 
0 
] 
6 
HSO.O 
AND 
HSO.l 


7 
HSO.2 
AND 
HSO.3 


8-B 
SOFTWARE 
TIt.lERS 


2 
E 
RESET TIt.lER2 


3 
F 
START 
A/D 
CONVERSION 


4 
INTERRUPT 
/ 
NO INTERRUPT 


5 
SET /CLEAR 


6 
TIt.lER 
2/ 
TIt.lER 
1 


7 
LOCK 
CAt.l· 


HSI.O 
STATUS 


HSI.l 
STATUS 


HSI.2 
STATUS 


HSI.3 
STATUS 


WHERE 
FOR EACH 
2 - 
BIT STATUS 
FIELD 
THE 
LOWER 


BIT INDICATES 
WHETHER 
OR NOT AN 
EVENT 
HAS 


OCCURED 
ON THIS 
PIN AND 
THE UPPER 
BIT INDICATES 


THE 
CURRENT 
STATUS 
OF THE PIN. 


270418-32 
'Minor Change 


SPCON(llH) 
1050 (15H) 


0 
BIT. 1, BIT.O SPECIFY 
THE t.lODE 
0 
HSO.O 
CURRENT 
STATE 
0.0 
=t.lODEO 
1.0 = t.lODE2 


0.1 
=t.lODEl 
1.1 =t.lODE3 
HSO.1 
CURRENT 
STATE 


2 
PEN 
ENABLE 
THE PARITY 
FUNCTION 
2 
HSO.2 
CURRENT 
STATE 
W 
R 
3 
REN ENABLES 
THE RECEIVE 
FUNCTION: 
3 
HSO.3 
CURRENT 
STATE 
I 
T 
4 
TB8 
PROGRAt.lS 
THE 9TH 
DATA 
BIT 
4 
HSO.4 
CURRENT 
STATE 
E 
5 
5 
HSO.5 
CURRENT 
STATE 


6 
6 
CAt.l QB HOLDING 
REGISTER 
IS FULL 


7 
7 
HSO 
HOLDING 
REGISTER 
IS FULL 


270418-33 
270418-34 


inter 


HSI.O INPUT ENABLE / DISABLE 


TIt.4ER 2 RESET EACH WRITE 


HSI.l 
INPUT ENABLE / DISABLE 


TIt.4ER 2 EXTERNAL RESET ENABLE / DISABLE 


HSI.2 
INPUT ENABLE / DISABLE 


TIt.4ER 2 RESET SOURCE HSI.O / T2RST 


HSI.3 
INPUT ENABLE / DISABLE 


TIt.4ER 2 CLOCK SOURCE HSI.l 
/T2CLK 


270418-35 


SOFTWARE TIt.4ER 0 EXPIRED 


SOFTWARE TIt.4ER 1 EXPIRED 


SOFTWARE TIt.4ER 2 EXPIRED 


SOFTWARE TIt.4ER 3 EXPIRED 


TIt.4ER 2 HAS OVERFLOW 


TIt.4ER 1 HAS OVERFLOW 


HSI FIFO IS FULL 


HSI HOLDING REGISTER DATA AVAILABLE 


270418-36 


o 
SELECT PWt.4/ SELECT P2.S 


EXTERNAL INTERRUPT ACH7 / EXTINT 


2 
T1t.4ER1 OVERFLOW INTERRUPT ENABLE / DISABLE 


3 
T1t.4ER2 OVERFLOW INTERRUPT ENABLE / DISABLE 


4 
HSO.o4 OUTPUT ENABLE / DISABLE 


5 
SELECT TXD / SELECT P2.0 


6 
HSO.S OUTPUT ENABLE / DISABLE 


7 
HSI INTERRUPT 
FIFO 
FULL / 
-HO-L-D-'N-G-RE-G-IS-T-ER-L-OA-D-E-D 


When the IDLE mode is entered, using the instruction 
"IDLPD 
# 1", the CPU stops executing. The CPU 
clocks are frozen at logic state zero, but the peripheral 


clocks and CLKOUT continue to be active. CLKOUT 
logically equals the Phase2 signal that is supplied to the 
peripherals. System bus control signals ALE, RD, WR, 
INST. and BHE go to their inactive states and the bus 
becomes high impedance unless it was being used as 
ports 3 and 4. Power consumption in this mode is about 
40% of that in the normal mode, since only the periph- 
erals are running. 


The interrupt 
controller 
and all peripherals, 
except 
Ports 3 and 4, continue to function during IDLE mode. 
If the chip was executing out of internal memory, Ports 
3 and 4 will retain the data present in their data latches, 
otherwise these pins will be high impedance and their 
input buffers will be turned off. (See the Standard I/O 
Port section for more information about Ports 3 and 4.) 


It is important to note that the Watchdog Timer con- 
tinues to operate in the IDLE mode (if it was enabled 
after reset). This means the chip must wake up the 
CPU approximately every 64K state times (16 millisec- 
onds at 8 MHz XTAL1) in order to reset this timer. 


The CPU can be awakened by any enabled interrupt 
source or a hardware reset. Since all of the peripherals 
are running, this interrupt can be generated by the HSI, 
HSO, timer overflow, serial port, extint, or other simi- 
lar interrupts. If an interrupt brings the CPU out of 
IDLE mode, the first action taken will be to place the 
program counter on the stack and jump to the interrupt 
service routine. When the interrupt service routine is 
done, the instruction 
executed is the one following 
IDLPD instruction which put the chip in the IDLE 
mode. 


When the POWERDOWN 
mode is entered, using the 
instruction "IDLPD 
#2", all internal clocks are frozen 
at logic state zero and the oscillator is turned off. All 
registers and most peripherals hold their values if Vcc 
is not removed from the part. The bus control signals 
go to their inactive states, and power is reduced to just 
the device leakage. 


All the bidirectional or output-only port pins (including 
HSO, PWM, serial port, etc.) will assume values pres- 
ent in their respective data latches, except Ports 3 and 
4. In this way the user controls the logic state of the 
port pins. The Port 3 and 4 pins will have values of the 
port latches if the chip was executing out of internal 
memory (future ROM and EPROM parts only), other- 
wise the pins will be in a high-impedance state with 
input buffers shut off. 


All peripherals should be in an inactive state before 
putting the chip in powerdown. If the A to D converter 
is in the middle of a conversion it is aborted. The 


inter 


HSIO, timers (Timer! and Timer2), and the serial port 
stop io POWERDOWN mode. If the chip comes out of 
POWERDOWN 
by an external interrupt, 
the serial 


port will continue from where it left off with a chance 
of erroneous data transmitted or received. Therefore, 
the user must shut off the transmitter (not write any- 
thing to it) and the receiver (REN =0) before putting 
the chip in POWERDOWN. 


When the chip is in Powerdown, it is impossible to time 
out the Watchdog Timer or detect oscillator failure. 
Therefore, systems which will use Powerdown should 
not enable the Watchdog Timer and the systems using 
the Watchdog Timer should not go into Powerdown, 
unless the Watchdog is always reset immediately before 
entering and after exiting Powerdown. 


To prevent accidental entry into Powerdown, the Pow- 
erdown feature can be disabled at reset by clearing bit 0 
of the Chip Configuration Register (CCR). Since the 
default value of the Configuration Byte is OFFH, Pow- 
erdown is normally enabled. 


When in Powerdown, almost the entire state of the 
SOC196KA will be preserved, not just the most signifi- 
cant 16bytes of register file. The Vcc (not VpD) is used 
to supply power to the chip, so it must remain within 
specifications if the chip status is to be maintained. Cer- 
tain SFRs, may contain incorrect information when the 
chip comes out of Powerdown. SFRs which could do 
this are the AID result and serial port registers since 
the functions of these registers are real-time dependent 
and CPU-time stops in Powerdown mode. AID com- 
mands in progress are aborted when coming out of 
Powerdown. It is the users responsibility to handle the 
serial port. 


The Powerdown 
mode can be. exited using either 


RESET or an external interrupt pin. If the RESET pin 
is used, it must externally be held low long enough for 
the oscillator to stabilize, plus 4 states for the reset se- 
quence. 


When exiting Powerdown using an external interrupt, a 
positive level on the pin mapped 
to INT7 
(either 


EXTINT pin or PortO.7 pin) will bring the part out of 
Powerdown mode. This procedure is not affected by 
either the interrupt disable bit or the interrupt mask 
register. An internal timing circuit is used to ensure 
that the oscillator has stabilized before the internal 
clocks are turned on. Figure 30 shows the power down 
and powerup sequence in such a case. 


During normal operation, before the chip goes into 
powerdown, the Vpp pin will rise to Vcc through an 
internal pullup. The user must connect a capacitor be- 
tween Vpp and Vss. A positive level on the pin mapped 
to INT7 (external interrupt) will start discharging this 
capacitor if the chip was in Powerdown when this edge 
occurred. The internal current source used to discharge 
this capacitor is approximately 
100 JLA. A threshold 


detector will detect I V or lower on the Vpp pin and 
mark the end of the time-out period. A 1 JLF capacitor 
will provide about 4 ms startup time. 


If the external interrupt is used to bring the part out of 
Powerdown, that bit will be set in the interrupt pending 
register when the chip. starts to run. If the interrupt is 
not masked off, the first section of code executed will be 
the interrupt service routine, otherwise execution will 
begin with the code following the IDLPD instruction. 
If the interrupt is not serviced the interrupt pending bit 
will remain set. 


INTERNAL' 
POWER DOWN 
: 
SIGNAL 
"I - 
••••• -------- 


EXTINT: 
n 


•.... -------------- 
...•. 
-- 
..• S ~ 
1-------..------ ... 


TIIo4EOUT _' --- 
•••••-------------S 
r-J 


Figure 30. Powerdown/Up 
Sequence 


20-35 


The reset sequence on the 80C196KA is slightly differ- 
ent than that of the 8096BH. Figure 31 shows the se- 
quence used on the 80C196KA. 


As soon as the RESET line is pulled low the I/O and 
control lines will go into their reset condition. The state 
of these lines is shown below: 


Pin 
Multiplexed 
Value of the 


Name 
Port Pins 
Pin on Reset 


RESET 
Mid-sized 
Pullup 


ALE 
Weak Pullup 


RD 
Weak Pull up 


BHE 
. 
Weak Pullup 


WR 
Weak Pullup 


INST 
Weak Pull-up 


EA 
Undefined 
Input * 


READY 
Undefined 
Input * 


NMI 
Undefined 
Input * 


BUSWIDTH 
Undefined 
Input * 


CLKOUT 
Phase 2 of Clock 


System Bus 
P3.0-P4.? 
Weak Pullups 


-----r ------c- 
--- ~ r- 
a line in one position or another. Pins listed as unde- 
fined inputs (*) must be tied or driven externally, other- 
wise the part may not function properly. Reset must be 
held low for 4 state times. 


In order for the part to function, the following pins 
must be connected: 


Pin 
Multiplexed 
Value of the 


Name 
Port Pins 
Pin on Reset 


ACHO-? 
PO.O-PO.? 
Undefined 
Input * 


PORT1 
P1.0-P1.? 
Weak Pullups 


TXD 
P2.0 
Weak Pullup 


RXD 
P2.1 
Undefined 
Input * 


EXTINT 
P2.2 
Undefined 
Input * 


T2CLK 
P2.3 
Undefined 
Input * 


T2RST 
P2.4 
Undefined 
Input * 


PWM 
P2.5 
Weak Pulldown 


- 
P2.6-P2.? 
Weak Pullups 


HSIO-HSI1 
Undefined 
Input * 


HSI2/HS04 
Undefined 
Input * 


HSI3/HS05 
-, 
Undefined 
Input * 


HSOO-HS03 
Weak Pulldown 


Minimum Connections 
for 16·Bit Bus Mode 
r 
~ 
-= 
+5V 
+5V 


VSS1 
ANGND 
-= 
VSS2 
+5V 


BUSWIDTH 


READY 


RE5ET 


BUS 


CONTROL 


RXD 
ADO-A015 


EXTINT 


T2CLK 
PO.O- 
PO.? 
T2R5T 
HSI.O- 
H51.3 
EA 
N~I 


CDE 
-= 


OSC 


RESET 
fill 
PIN 


." 
CASE I. 
iii' 
PHI 
C~ 
CD 


Co) 
CASE II, 
=- 
PHI 


I\) 
::u 
, 
0 
CD 
, 
lJ 
'" 
CD 
INTERNAL 
\ 
....• - 
RESET 
, 


CIl 
, 


CD 
-- 
----.. 
.a 
1/11 
c 
ALE 
CD~n 
CD 


RiS 
I 


CONFIG. 


BUS 
( 
201BH >-cJ 
DATA 
PHASES 
AND 
RESET 
BYTE 
SYNCHRONISED 


2081H 
1-----------( 
2080H r-c:x 
OR >-cJ 


2D82H 


inter 


After the reset sequence, the internal registers are at the 
following values: 


REGISTER 
NAME 
VALUE 


AD_RESULT 
OOOOH 


HSI_STATUS 
xOxOxOx08 


S8UF(RX) 
OOH 


INT_MASK 
000000008 


INT_PENDING 
000000008 


TIMER1 
OOOOH 


TIMER2 
OOOOH 


IOPORT1 
111111118 


IOPORT2 
110000018 


SP_STAT /SP _CON 
000000008 


IMASK1 
000000008 


IPEND1 
000000008 


WSR 
XXXXOOO08 


HSI_MODE 
111111118 


IOC2 
XOOOOOO08 


lOCO 
000000X08 


IOC1 
001000018 


PWM_CONTROL 
OOH 


IOPORT3 
111111118 


IOPORT4 
111111118 


10SO 
000000008 


IOS1 
000000008 


IOS2 
000000008 


4.4 
PROGRAM 
PROTECTION 


FEATURES 


Several features to assist in recovery from hardware 
and software errors are available on the 80C196KA. 
Protection is also provided against executing unimple- 
mented opcodes by making use of the unimplemented 
opcode interrupt. 
In addition, the hardware reset in- 


struction (RST) can be used in software to cause a reset 
if the program counter goes out of bounds. This in- 
struction has an opcode of OFFH, so if the processor 


reads in bus lines which have been pulled high it will 
reset itself. 


A clock failure detection circuit is provided to recover 
from hardware problems. When triggered by too slow 
of a clock on XTALl, it pulls the RESET line low. The 
switch frequency is Vcc dependent. At aVeC 
of 6 


volts, detection occurs at some point below 250KHz. 
When Vcc is at 4 volts, the detection point is below 
28KHz. This feature can be disabled by holding the 
CDE pin (Clock Detect Enable) at a low level. It 
should be disabled when using the Powerdown mode. 
CDE uses the same pin as VPD on the 8096 since the 
VPD pin function is not needed for the 80C196KA. 


The Watchdog Timer can be enabled to cause a hard- 
ware reset every 64K state times unless the timer is 
cleared periodically. The timer is started by writing the 
sequence "lEh", 
"Elh" 
to the Watchdog 
Register. 


Once started it can only be turned off by resetting the 
chip. To clear the watchdog 
the sequence "IEh", 
"E Ih" must be written to the register. 


When any of the protection methods are used to reset 
the chip, the external RESET line will be pulled low by 
an internal pulldown transistor. It will keep pulling the 
line down until the part resets itself. Writing to the 
watchdog timer will not turn the transistor off. The 
RESET line can also be used as an output to reset other 
circuitry. If a capacitor is used on the RESET line for 
reset timing, the line may never be pulled below 0.8 
volts. This could cause other external circuitry not to 
be reset. 


Test modes are entered on the 80C196KA by externally 
holding ALE, INST or RD in their active state while 
the RESET pin is taken high. By using combinations of 
pins different test modes can be selected. The only test 
mode which is not reserved for Intel use is ONCE. This 
mode is entered by driving ALE high and RD and 
INST low while RESET is taken high. 


ONCE 
is the ON-Circuit-Emulation 
mode. In this 


mode all of the pins, except XTALI and XTAL2, are 
floated. Some of the pins are not truly high impedance 
as they have weak pullups or pulldowns. 


5.0 
DIFFERENCES 
BETWEEN 
THE 
80C196KA 
AND THE 8096BH 


5.1 
CONVERTING 
FROM OTHER 
MCS®·96 
PRODUCTS 
TO THE 
80C196KA 


The following list of suggestions for designing an 
8X9XBH system will yield a design that is easily con- 
verted to the 80C196KA. 
I. Do not base critical timing loops on instruction or 


peripheral execution times. 


2. Use equate statements to set all timing parameters, 
including the baud rate. 
3. Do not base hardware 
timings on CLKOUT 
or 


XTALI. The timings of the 8OCl96KA are different 
than those of the 8X9XBH, but they will function 
with standard ROM / EPROM / Peripheral type 
memory systems. 
4. Make sure all inputs are tied high or low and not left 


floating. 
5. On the 8X9XBH, the WRLIWR 
and WRH/BHE 


signals both go low for byte writes to odd addresses 
in eight bit write strobe mode. On the 80CI 96KA, 
only the WRH/BHE 
signal goes low for this type of 


operation. 


6. Indexed and indirect operations relative to the stack 


pointer (SP) work differently on the 8OC196KA than 
on the 8096. On the 8096, the address is calculated 
based on the un-updated version of the stack pointer. 
The 8OC196KA uses the updated version. The offset 
for 
PUSH[SP], 
POP [SP], 
PUSH 
nn[SP] 
and 


POP nn[SP] instructions may need to be changed by 
a count of 2. 


Divide by 2 instead of divide by 3 clock for 1.5X per- 
formance 


Faster instructions, especially indexed/indirect data op- 
erations 
2.33 /LSec l6x 16 multiply with l2MHz 
clock (was 


6.25 /LSec) 
Faster interrupt response (almost twice as fast) 
Different Reset Sequence 
Powerdown and Idle Modes 
Clock Failure Detect 
6 new instructions including Compare Long and Block 
Move 
8 new interrupt vectors 


SFR Window switching allows read-only registers to be 
written and vice-versa 


Timer2 can count up and down by external selection 
Timer2 has an independent capture register 
HSO lines which transitioned are saved 
HSO lines can be written directly 
HSO has CAM Lock and CAM Clear commands 
A to D has a selectable sample and hold and speed 
control 
New Baud Rate values are needed for serial port, high- 
er speeds possible in all modes 
Double buffered serial port transmit register 


Serial Port Receive Overrun and Framing Error Detec- 
tion 
PWM has a Divide-by-2 Prescaler 


inter 


PGAI 
PLCC 
Description 
PGAI 
PLCC 
Description 
PGAI 
PLCC 
Description 
LCC 
LCC 
LCC 


1 
9 
ACH7/PO.7 
24 
54 
AD6/P3.6 
47 
31 
P1.6 
2 
8 
ACH6/PO.6 
25 
53 
AD7/P3.7 
48 
30 
P1.5 
3 
7 
ACH2/PO.2 
26 
52 
AD8/P4.0 
49 
29 
HSO.1 
4 
6 
ACHO/PO.O 
27 
51 
AD9/P4.1 
50 
28 
HSO.O 
5 
5 
ACH1/PO.1 
28 
50 
AD10/P4.2 
51 
27 
HSO.5/HSI.3 


6 
4 
ACH3/PO.3 
29 
49 
AD11/P4.3 
52 
26 
HSO.4/HSI.2 


7 
3 
NMI 
30 
48 
AD12/P4.4 
53 
25 
HSI.1 


8 
2 
EA 
31 
, 47 
AD13/P4.5 
54 
24 
HSI.O 


9 
1 
Vcc 
32 
46 
AD14/P4.6 
55 
23 
P1.4 


10 
68 
Vss 
33 
45 
AD15/P4.7 
56 
22 
P1.3 
11 
67 
XTAL1 
34 
44 
T2CLK/P2.3 
57 
21 
P1.2 
12 
66 
XTAL2 
35 
43 
READY 
58 
20 
P1.1 
13 
65 
CLKOUT 
36 
42 
T2RST/P2.4 
59 
19 
P1.0 
14 
64 
BUSWIDTH 
37 
41 
BHE/WRH 
60 
18 
TXD/P2.0 
15 
63 
INST 
38 
40 
WR/WRL 
61 
17 
RXD/P2.1/PALE 
16 
62 
ALE/ADV 
39 
39 
PWM/P2.5 
62 
16 
RESET 
17 
61 
RD 
40 
38 
P2.7/T2CAPTURE 
63 
15 
EXTINT IP2.2 
18 
60 
ADO/P3.0 
41 
37 
Vpp 
64 
14 
CDE 
19 
59 
AD1/P3.1 
42 
36 
Vss 
65 
13 
VREF 
20 
58 
AD2/P3.2 
43 
35 
HSO.3 
66 
., 12 
ANGND 
21 
57 
AD3/P3.3 
44 
34 
HSO.2 
67 
11 
ACH4/PO.4 
22 
56 
AD4/P3.4 
45 
33 
P2.6/T2UP-DN 
68 
10 
ACH5/PO.5 
23 
55 
AD5/P3.5 
46 
32 
P1.7 


.-'1 
2 
3 
• 
5 
67891011 
12131.151617 
L 
17 
1513 
11 
9 
7 
5 
3 
1 
68 
18 


1819 
16 
14 
12 
10 
8 
6 
4 
2 
68 
67 
19 


66 
20 
2021 
MCS 


iRl 


-96 
6766 
21 
65 


2223 
68 PIN 
6564 
6. 
MCS®-96 
22 


2425 
GRID ARRAY 
6362 
.. 
63 
68 PIN 
23 


62 
LEADLESS CHIP CARRIER 
2. 
2627 
61 60 
TYPE "S" 
25 
TOP VIEW 
61 
2829 
LOOKING DOWN ON 
5958 
60 
26 


3031 
COMPONENT SIDE 
5756 
59 
TOP VIEW 


27 


OF PC SOARD 
58 
LOOKING DOWN ON 
28 
3233 
5554 
57 
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Symbol 
Name and Function 


Vcc 
Main supply voltage 
(5V). 


Vss 
Digital circuit ground (OV). There are two Vss pins, both of which must be connected. 


CDE 
Clock Detect Enable - When pulled high enables the clock failure detection 
circuit. If the 
XTAL 1 frequency 
falls below a specified 
limit the RESET pin will be pulled low. This pin was 
the VPD pin on the 8096. 


VREF 
Reference 
voltage 
for the AID converter 
(5V). VREF is also the supply voltage 
to the analog 
portion of the AID converter 
and the logic used to read Port O. Must be connected 
for AID 
and Port 0 to function. 


ANGND 
Reference 
ground for the AID converter. 
Must be held at nominally 
the same potential 
as 
Vss· 


Vpp 
Timing pin for the return from powerdown 
circuit. Connect 
this pin with a 1 }JoFcapacitor 
to 
Vss and a 1 mn. resistor to VCC. If this function 
is not used Vpp may be tied to Vcc. This pin 
was VBB on the 8X9X-90 parts and will be programming 
voltage 
on future EPROM parts. 


XTAL1 
Input of the oscillator 
inverter and of the internal clock generator. 


XTAL2 
Output of the oscillator 
inverter. 


CLKOUT 
Output of the internal clock generator. 
The frequency 
of CLKOUT 
is % the oscillator 
frequency. 
It has a 50% duty cycle. 


RESET 
Reset input to the chip. Input low for at least 4 state times to reset the chip. The subsequent 
low-to-high 
transition 
re- synchronizes 
CLKOUT 
and commences 
a 1O-state-time 
sequence 
in 
which the PSW is cleared, 
a byte read from 2018H loads CCR, and a jump to locations 
2080H 
is executed. 
Input high for normal operation. 
RESET has an internal 
pullup. 


BUSWIDTH 
Input for buswidth 
selection. 
If CCR bit 1 is a one, this pin selects the bus width for the bus 
cycle in progress. 
If BUSWIDTH 
is a 1, a 16-bit bus cycle occurs. 
If BUSWIDTH 
is a 0 an 8-bit 
cycle occurs. 
If CCR bit 1 is a 0, the bus is always an 8-bit bus. This pin is the TEST pin on 
8X9X-90 
parts. Systems with TEST tied to Vcc do not need to change. 


NMI 
A positive transition 
causes a vector through 
203EH. 


INST 
Output high during an external 
memory read indicates 
the read is an instruction 
fetch. INST is 
valid throughout 
the bus cycle. INST is activated 
only during external 
memory accesses. 


EA 
Input for memory select (External Access). 
EA equal to a TTL-high 
causes memory accesses 
to locations 
2000H through 3FFFH to be directed 
to on-chip 
ROM/EPROM. 
EA equal to a 
TTL-Iow causes accesses 
to these locations 
to be directed 
to off-chip 
memory. 


ALE/ADV 
Address 
Latch Enable or Address 
Valid output, as selected 
by CCR. Both pin options 
provide 
a latch to demultiplex 
the address from the address/data 
bus. When the pin is ADV, it goes 
inactive high at the end of the bus cycle. ADV can be used as a chip select for external 
memory. ALE/ ADV is activated 
only during external 
memory accesses. 


RD 
Read signal output to external 
memory. 
RD is activated 
only during external 
memory reads. 


WR/WRL 
Write and Write Low output to external 
memory, 
as selected 
by the CCR. WR will go low for 
every external write, while WRL will go low only for external writes where an even byte is 
being written. WR/WRL 
is activated 
only during external 
memory writes. 
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Symbol 
Name and Function 


SHE/WRH 
Sus High Enable or Write High output to external 
memory, as selected 
by the CCR. SHE = 0 
selects the bank of memory that is connected 
to the high byte of the data bus. AO = 0 
selects the bank of memory that is connected 
to the low byte of the data bus. Thus accesses 
to a 16-bit wide memory can be to the low b~nly 
(AO = 0, SHE = 1), to the high byte only 
(AO = 1, SHE = 0), or both bytes (AO = 0, SHE = 0). If the WRH function 
is selected, 
the 
pin will go low if the bus cycle is writing to an odd memory 
location. 
SHE/WRH 
is valid only 
during 16-bit external 
memory write cycles. 


READY 
Ready input to lengthen 
external 
memory cycles, for interfacing 
to slow or dynamic 
memory, 
or for bus sharing. If the pin is high, CPU operation 
continues 
in a normal manner. 
If the pin is 
low prior to the falling edge of CLKOUT, 
the memory controller 
goes into a wait mode until the 
next positive transition 
in CLKOUT 
occurs with READY high. When the external 
memory 
is 
not being used, READY has no effect. 
Internal control 
of the number of wait states inserted 
into a bus cycle held not ready is available 
through 
configuration 
of CCR. 


HSI 
Inputs to High Speed Input Unit. Four HSI pins are available: 
HSI.O, HSI.1, HSI.2, and HSI.3. 
Two of them (HSI.2 and HSI.3) are shared with the HSO Unit. The HSI pins are also used as 
inputs by future EPROM parts in Programming 
Mode. 


HSO 
Outputs from High Speed Output Unit. Six HSO pins are available: 
HSO.O, HSO.1, HSO.2, 
HSO.3, HSOA, 
and HSO.5. Two of them (HSOA 
and HSO.5) are shared with the HSI Unit. 


Port 0 
8-bit high impedance 
input-only 
port. These pins can be used as digital inputs and/or 
as 
analog inputs to the on-chip AID 
converter. 
These pins are also a mode input to future 
EPROM parts in the Programming 
Mode. 


Port 1 
8-bit quasi-bidirectional 
I/O port. 


Port 2 
8-bit multi-functional 
port. All of its pins are shared with other functions 
in the 80C196KA. 


Ports 3 and 4 
8-bit bi-directional 
I/O ports with open drain outputs. These pins are shared with the 
multiplexed 
address/data 
bus which has strong internal pullups. Available 
only on future 
ROM and EPROM parts. 
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809XBH, 839XBH, 879XBH 


ADVANCED 16·BIT MICROCONTROLLER 


WITH 8· OR 16·BIT EXTERNAL BUS 


• 
879XBH: an 809XBH with 8K Bytes of On-Chip EPROM 


• 
839XBH: an 809XBH with 8K Bytes of On-Chip ROM 


• 
232 Byte Register 
File 
• 
High Speed 
I/O Subsystem 


• 
Register-to-Register 
Architecture 
• 
Full Duplex Serial Port 


• 
10-Bit A/D 
Converter 
with S/H 
• 
Dedicated 
Baud Rate Generator 


• 
Five 8·Bit 110 Ports 
• 
6.25!-,-s 16 x 16 Multiply 


• 
20 Interrupt 
Sources 
• 
6.25!-,-s 32/16 
Divide 


• 
Pulse-Width 
Modulated 
Output 
• 
16-Bit Watchdog 
Timer 


• 
ROM/EPROM 
Lock 
• 
Four 16-Bit Software 
Timers 


• 
Run-Time 
Programmable 
EPROM 
• 
Two 
16-Bit Counter/Timers 


The MCS@-96 family of 16-bit microcontrollers 
consists 
of many members, 
all of which are designed 
for high- 
speed control 
functions. 
The MCS-96 family members 
produced 
using Intel's 
HMOS-III 
process 
are described 
in this data sheet. 


The CPU supports 
bit, byte, and word operations. 
Thirty-two 
bit double-words 
are supported 
for a subset of the 
instruction 
set. With a 12 MHz input frequency 
the 8096BH 
can do a 16-bit addition 
in 1.0 J-Ls and a 16 x 16-bit 
multiply 
or 32/16 
divide in 6.25 
J-Ls. Instruction 
execution 
times average 
1 to 2 J-Ls in typical 
applications. 


Four high-speed 
trigger inputs are provided 
to record the times at which external 
events occur. Six high-speed 
pulse generator 
outputs 
are provided 
to trigger external 
events at preset times. The high-speed 
output unit can 
simultaneously 
perform 
software 
timer functions. 
Up to four 16-bit software 
timers can be in operation 
at once. 


The 
on-chip 
AID 
converter 
includes 
a Sample 
and 
Hold, 
and 
converts 
up to 8 multiplexed 
analog 
input 
channels 
to 10-bit digital 
values. 
With a 12 MHz crystal, 
each conversion 
takes 
22 
J-Ls. This feature 
is only 
available 
on the 8X95BHs 
and 8X97BHs, 
with the 8X95BHs 
having 4 multiplexed 
analog 
inputs. 


Also provided 
on-chip 
are a serial port, a Watchdog 
Timer, and a pulse-width 
modulated 
output 
signal. 


l 


AD"" 
DATA 
BUS 


PORT 
.• 


The following section is an overview of the 8X9XBH 
devices, generally referred to as the 8096BH. Addi- 
tional information is available in the Embedded Con- 
troller Handbook, order number 210918. 


The 8096BH uses the same address space for both 
program and data memory, except in the address 
range from OOHthrough OFFH. Data fetches in this 
range are always to the Register File, while instruc- 
tion fetches from these locations are directed to ex- 
ternal memory. (Locations OOHthrough OFFHin ex- 
ternal memory are reserved for Intel development 
systems). 


Within the Register File, locations OOHthrough 17H 
are register mapped I/O control registers, also re- 
ferred to as Special Function Registers (SFRs). The 
rest of the Register File (018H through OFFH)con- 
tains 232 bytes of RAM, which can be referenced as 
bytes, words, or double-words. This register space 
allows the user to keep the most frequently-used 
variables in on-chip RAM, which can be accessed 
faster 
than 
external 
memory. 
Locations 
OFOH 


through OFFHcan be preserved during power down 
via a separate power down pin (VPD). 


Outside of the Register File, program memory, data 
memory, and peripherals can be intermixed. The ad- 
dresses with special significance are: 


OOOOH- 0017H 
Register Mapped I/O (SFRs) 


0018H- 
0019H 
Stack Pointer 


1FFEH- 
1FFFH 
Ports 3 and 4 


2000H- 
2011H 
Interrupt Vectors 


2012H- 
2017H 
Reserved 


2018H 
Chip Configuration Byte 


2019H 
Reserved 


201AH- 
201BH 
"Jump to Self" Opcode (27 FE) 


201CH- 
201FH 
Reserved 


2020H- 
202FH 
Security Key 
2030H- 
207FH 
Reserved 


2080H 
Reset Location 


The 839XBH carries 8K bytes of ROM, while the 
879XBH has 8K bytes of EPROM. With ROM and 
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pies addresses 2000H through 3FFFH. Instruction or 
data fetches from these addresses access the on- 
chip memory if the EA pin is externally held at 5V. If 
the EA pin is at OV,these addresses access off-chip 
memory. On the 879XBH parts, holding EA at 
+ 12.75V puts the part in Programming Mode, which 
is described in the EPROM Characteristics Section 
of this data sheet. 


A memory map for the MCS-96 product family is 
shown in Figure 2. 


The RALU (Register/ ALU) section consists of a 17- 
bit ALU, the Program Sta~us Word, the Program 
Counter, and several temporary registers. A key fea- 
ture of the 8096BH is that it does not use an accu- 
mulator. Rather, it operates directly on any register 
in the Register File. Being able to operate directly on 
data in the Register File without having to move it 
into and out of an accumulator results in a significant 
improvement in execution speed. 


In addition to the normal arithmetic and logical func- 
tions, the MCS-96 instruction set provides the fol- 
lowing special features: 


6.25 /-Ls Multiply and Divide 
Multiple Shift Instruction 
3 Operand Instructions 
Normalize Instruction 
Software Reset Instruction 


All operations on the 8096BH take place in a set 
number of "State Times." The 8096BH uses a three 
phase internal clock, so each state time is 3 oscilla- 
tor periods. With a 12 MHz clock, each state time 
requires 0.25 /-Ls, based on a Toscof 83 ns. 


Operating 
Modes 


The 8096BH supports a variety of options to simplify 
memory 
systems, 
interfacing 
requirements 
and 


ready control. Bus flexibility is provided by allowing 
selection of bus control signal definitions and run- 
time selection of the external bus width. In addition, 
several ready control modes are available to simplify 
the external hardware requirements for accessing 
slow devices. The Chip Configuration Register is 
used to store the operating mode information. 
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8X9XBH 
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OOOIr@OOIMl&.iiO@OO 


OFFH 
255 
-, 


POWER-DOWN 
RAt.I 
OFOH 
240 


OEFH 
239 
INTERNAL 


REGISTER 
FILE 


(RAt.I) 


lAH 
26 


FFFFH 
19H 
25 
STACK 
POINTER 
STACK 
POINTER 
EXTERNAL 
t.lEt.lORY 
18H 
24 


OR 
I/o 


17H 
PWt.I_CONTROL 
23 


16H 
10S1 
lOCI 
22 
4000H 
, 


15H 
10SO 
lOCO 
21 
INTERNAL 
PROGRAt.I 


14H 
20 
STORAGE 
ROt.l/EPROt.l 


OR 


13H 
RESERVED 
RESERVED 
19 
EXTERNAL 
t.lEt.lORY 


2080H 
12H 
18 
RESERVED 
2030H 
- 
207FH 
l1H 
SP_STAT 
SP_CON 
.17 
SECURITY 
KEY 
2020H 
- 
202FH 
10H 
10 PORT 
2 
10 PORT 
2 
16 
RESERVED 
201CH- 
201 
FH 
OFH 
10 PORT 
1 
10 PORT 
1 
15 


SELF 
JUt.lP 
OPCODE 
(27H 
FEH) 
201AH 
- 
201BH 
OEH 
10 PORT 
0 
BAUD_RATE 
14 
RESERVED 
2019H 
ODH 
TIt.lER2 
(HI) 
13 


CHIP 
CONFIGURATION 
BYTE 
2018H 
OCH 
TIt.lER2 
(LO) 
RESERVEO 
12 


RESERVED 
2012H 
- 
2017H 
OSH 
TIt.lERl 
(HI) 
11 


OAH 
TIt.lERl 
(LO) 
WATCHDOG 
10 
INTERRUPT 
VECTORS 


09H 
INLPENDING 
INLPENDING 
9 


08H 
INLt.lASK 
INLt.lASK 
8 
2000H 


07H 
SBUF 
(RX) 
SBUF 
(TX) 
7 
PORT 
4 
lFFFH 


06H 
HSLSTATUS 
HSO_COt.lt.lAND 
PORT 
3 
lrFEH 


05H 
HSUIt.lE 
(HI) 
HSO_TIt.lE 
(HI) 
5 
EXTERNAL 
t.lEt.lORY 


04H 
HSLTIt.lE 
(LO) 
HSO_TIt.lE 
(LO) 
4 
OR 
I/O 
L-- 
0100H 


03H 
AD_RESULT 
(HI) 
HSLt.lODE 
INTERNAL 
RAt.I 
OOFFH 


02H 
AD_RESULT 
(LO) 
AD_COt.lt.lAND 
2 
REGISTER 
FILE 


STACK 
POINTER 


01H 
RO (HI) 
RO (HI) 
SPECIAL 
FUNCTION 
REGISTERS 


OOH 
RO (LO) 
RO (LO) 
0 
(WHEN 
ACCESSED 
AS 
OATA 
t.lEt.lORY) 
OOOOH 


(WHEN 
READ) 
(WHEN 
WRITIEN) 
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Figure 2. Memory 
Map 
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CHIP CONFIGURATION 
REGISTER 
(CCR) 


Configuration information is stored in the Chip Con- 
figuration Register (CCR). Four of the bits in the reg- 
ister specify the bus control mode and ready control 
mode. 
Two 
bits 
also 
govern 
the 
level 
of 
ROM/EPROM protection and one bit is NANDed 
with the BUSWIDTH pin every bus cycle to deter- 
mine the bus size. The CCR bit map is shown in 
Figure 3, and the functions associated with each bit 
are described later. 


RESERVED (Sot 
to 
1 for 
compatlblllty 
with 
futuro 
parts) 


BUS WIDTH SELECT 
(16-BIT 
BUS/8-8IT 
8US) 


WRITE STROBE MODE SELECT 
(ViR AND BHE / WRL AND WRH) 


ADDRESS VALID STROBE SELECT 


(ALE/ 
ADV) 


(lRCO) 
} INTERNAL READY 


(IRC1) 
CONTROL MODE 


(LOCO)} 
PROGRAM LOCK 
(LOC1) 
MODE 
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Figure 3. Chip Configuration 
Register 


The CCR is loaded on reset with the Chip Configura- 
tion Byte, located at address 2018H. The CCR regis- 
ter is a non-memory mapped location that can only 
be written to during the reset sequence; once it is 
loaded it cannot be changed until the next reset oc- 
curs. The 8096BH will correctly read this location in 
every bus mode. 


In order to work properly with an 8-bit only system, it 
is necessary to hold the upper address byte on the 
address bus throughout the CCB read cycle since an 
address latch may not be present. However, in a 16- 
bit system, the 8X9XBH must float the high half of 
the bus to avoid contention with the high data byte 
during the CCB read. To accomplish a correct read 
on either 8- or 16-bit buses, the upper address lines 
are current sensed (during CCB read only) and will 
be floated if a current of approximately 1 mA or more 
is detected, indicating a bus contention. 


If the EA pin is set to a logical 0, the access to 
2018H comes from external memory. If EA is a logi- 
cal 
1, 
the 
access 
comes 
from 
internal 
ROM/EPROM. If EA is + 12.5V, the CCR is loaded 
with a byte from a separate non-memory-mapped 
location called PCCB (Programming CCB). The Pro- 
gramming Mode is described in the EPROM Charac- 
teristics Section. 


The 8096BH external bus width can be run-time 
configured to operate as a standard 16-bit multi- 
plexed address/data bus, or as an 8088 minimum 
mode type 16-bit address/ 8-bit data bus. 


During 16-bit bus cycles, Ports 3 and 4 contain the 
address multiplexed with data using ALE to latch the 
address. In 8-bit bus cycles, Port 3 is multiplexed 
address/ data while Port 4 is address bits 8 through 
15. The address bits on Port 4 are valid throughout 
an 8-bit bus cycle. Figure 4 shows the two options. 


The bus width can be changed each bus cycle and 
is controlled using bit 1 of the CCR with the BUS- 
WIDTH pin. If either CCR.1 or BUSWIDTH is a 0, 
external accesses will be over a 16-bit address/8-bit 
data bus. If both CCR.1 and BUSWIDTH are 1s, ex- 
ternal accesses will be over a 16-bit address/16-bit 
data bus. Internal accesses are always 16-bits wide. 


The bus width can be changed every external bus 
cycle if a 1 was loaded into CCR bit 1 at reset. If this 
is the case, changing the value of the BUSWIDTH 
pin at run-time will dynamically select the bus width. 
For example, the user could feed the INST line into 
the BUSWIDTH pin, thus causing instruction access- 
es to be word wide from EPROMs while data ac- 
cesses are byte wide to and from RAMs. A second 
example would be to place an inverted version of 
address bit 15 on the BUSWIDTH pin. This would 
make half of external memory word wide, while half 
is byte wide. 


Since BUSWIDTH is sampled after address decod- 
ing has had time to occur, even more complex 
memory maps could be constructed. See the timing 
specifications for an exact description of 
BUS- 
WIDTH timings. The bus width will be determined by 
bit 1 of the CCR alone on 48-pin parts since they do 
not have a BUSWIDTH pin. 


When using an 8-bit bus, some performance degra- 
dation is to be expected. On the 8096BH, instruction 
execution times with an 8-bit bus will slow down if 
any of three conditions occur. First, word writes to 
external memory will cause the executing instruction 
to take two extra state times to complete. Second, 
word reads from external memory will cause a one 
state time extension of instruction execution time. 
Finally, if the prefetch queue is empty when an in- 
struction fetch is requested, instruction execution is 
lengthened by one state time for each byte that 
must be externally acquired (worst case is the num- 
ber of bytes in the instruction minus one). 


PORT <4 


PORT 3 


8-BIT 
PORT <4 
LATCHED 
ADDRESS HIGH 


The 8096BH can be made to provide bus control signals of several types. Three control lines have dual 
functions designed to reduce external hardware. Bits 2 and 3 of the CCR specify the functions performed by 
these control lines. 


Standard 
Bus Control 


If CCR bits 2 and 3 are 1s, then the standard 8096BH control signals WR. BHE and ALE are provided (Fi~ 
5). WR will come out for eve~te. 
BHE will be valid throughout the bus cycle and can be combined with WR 
and address line 0 to form WRL and WRH. ALE will rise as the address starts to come out, and will fall to 
provide the signal to externally latch the address. 


u 


BHE1 
V_A_L1_D 
1 
ADO -7 
--1ADDR 
LOwl 
DATA OUT 
~ 


ADO -15 
--1 
ADDR I 
DATA OUT 
~ 
AD8 -15 -1 
A_DD_R_E_S_S_H_IG_H ~ 
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Write Strobe 
Mode 


The Write Strobe 
Mode eliminates 
the necessity 
to externally 
decode 
for odd or even byte writes. 
If CCR bit 2 
is a 0, and the bus is in a 16-bit cycle, WRL and WRH signals are provide~ace 
of WR and SHE (Figure 6). 
WRL will go low for all byte writes to an even address and all word writes. WRH will go low for all byte writes to 
an odd address 
and all word writes. 


LJ 
I 
VALID I 
ADD -7 
~ADDR 
LOWI 
DATA OUT r-- 


ADO -15 
~ 
ADDR I 
DATA OUT r-- 
AD8 -15 -1 
AD_D_R_ES_S_H_'_GH 
r-- 


inter 


Address Valid Strobe Mode 


If CCR bit 3 is a 0, then an Address 
Valid Strobe is provided 
in the place of ALE (Figure 7). When the Address 
Valid Mode is selected, 
ADV will go low after an external 
address 
is set up. It will stay low until the end of the 
bus cycle, where 
it will go inactive 
high. This can be used to provide 
a chip select for external 
memory. 


ADV 
I 
ADV 


WR 
I 
WR 
U 


BHEI 
VALID 
I 
ADD -7 
--iADDR 
LOwl 
DATA OUT r- 


ADO-15 --G 
DATA OUT r- 
AD8 -15 --i 
ADDRESS OUT HIGH r- 
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Address Valid with Write Strobe 


If both CCR bits 2 and 3 are Os, both the Address 
Valid Strobe and the Write Strobes 
will be provided 
for bus 
control. 
Figure 8 shows these signals. 


ADV 


WRL 
8 


WRH 
8 
LJ 


ADO -7 -1 ADDR LOWI 
DATA OUT r- 


ADO -15 ---j 
ADDR I 
DATA OUT r- 
AD8 -15 -1 
A_DD_R_E_SS_HI_G_H 
__ r- 


To 
simplify 
ready 
control, 
four 
modes 
of 
internal 


ready control 
logic have been provided. 
The modes 


are chosen 
by properly 
configuring 
bits 4 and 5 of 


the CCR. 


The internal 
ready control 
logic can be used to limit 


the number 
of wait states 
that slow devices 
can in- 


sert 
into 
the 
bus 
cycle. 
When 
the 
READY 
pin is 


pulled 
low, wait states 
will be inserted 
into the bus 


cycle until the READY 
pin goes high, or the number 


of wait states 
equals 
the number 
specified 
by CCR 


bits 4 and 5, whichever 
comes 
first. Table 
1 shows 


the number 
of wait states 
that can be selected. 
In- 


ternal 
ready control 
can be disabled 
by loading 
11 


into bits 4 and 5 of the CCR. 


IRC1 
IRCO 
Description 


0 
0 
Limit to 1 Wait State 


0 
1 
Limit to 2 Wait States 


1 
0 
Limit to 3 Wait States 


1 
1 
Disable Internal Ready Control 


This feature 
provides 
for simple 
ready control. 
For 


example, 
every slow memory 
chip select 
line could 


be ORed together 
and be connected 
to the READY 


pin with CCR bits 4 and 5 programmed 
to give the 


proper 
number 
of wait states to the slow devices. 


Four modes 
of program 
memory 
lock are available 


on the 839XBH 
and 879XBH 
parts. CCR bits 6 and 7 


(LOCO, 
LOC1) 
select 
whether 
internal 
program 


memory 
can be read (or written 
in EPROM parts) by 


a program 
executing 
from 
external 
memory. 
The 


modes are shown in Table 2. Internal 
ROM/EPROM 


addresses 
2020H 
through 
3FFFH 
are 
protected 


from reads while 2000H through 
3FFFH are protect- 


ed from writes, 
as set by the CCR. 


LOC1 
LOCO 
Protection 


0 
0 
Read and Write Protected 


0 
1 
Read Protected 


1 
0 
Write Protected 


1 
1 
No Protection 


protected 
internal 
memory, 
while 
a write 
protected 


memory 
can 
not be written 
to, even 
from 
internal 


execution. 
As a result of 8096BH 
prefetching 
of in- 


structions, 
however, 
accesses 
to protected 
memory 


are 
not 
allowed 
for 
instructions 
located 
above 


3FFAH. 
Note that the interrupt 
vectors 
and the CCR 


are not protected. 


To provide 
ROM/EPROM 
lock while allowing 
verifi- 


cation and testing, 
the 839XBH 
and 879XBH 
require 


security 
key verification 
before 
programming 
or test 


modes are allowed 
to read protected 
memory. 
More 


information 
on ROM/EPROM 
Lock can be found 
in 


the EPROM 
Characteristics 
section. 


The HSIO unit consists 
of the High Speed Input Unit 


(HSI), the High Speed Output 
Unit (HSO), one coun- 


ter and one timer. 
"High 
Speed" 
denotes 
that the 


units 
can 
perform 
functions 
related 
to the 
timers 


without 
CPU 
intervention. 
The 
HSI 
records 
times 


when events 
occur 
and the HSO triggers 
events 
at 


pre-programmed 
times. 


All actions 
within the HSIO unit are synchronized 
to 


the timers. The two 16-bit timer/counter 
registers 
in 


the HSIO unit are cleared 
on chip reset and can be 


programmed 
to generate 
an interrupt 
on overflow. 


The 
Timer 
1 register 
is automatically 
incremented 


every 
8 state 
times 
(every 
2.0 fJ-s, with a 12 MHz 


clock). 
The Timer 2 register 
can be programmed 
to 


count 
transitions 
on either 
the T2CLK 
pin or HSI.1 


pin. It is incremented 
on both positive 
and negative 


edges of the selected 
input line. In addition 
to being 


cleared 
by reset, Timer 2 can also be cleared 
in soft- 


ware or by signals 
from input pins T2RST 
or HSI.O. 


Neither 
of these 
timers 
is required 
for 
either 
the 


Watchdog 
Timer or the serial port. 


The 
High Speed 
Input 
(HSI) 
unit can 
detect 
tran- 


sitions on any of its 4 input lines. When one occurs it 
records the time (from Timer 1) and which input lines 
made 
the 
transition. 
This 
information 
is recorded 


with 2 fJ-s(12 MHz system) 
resolution 
and stored 
in 


an 8-level 
FIFO. 
The 
unit can 
be programmed 
to 


look for four types of events, as shown in Figure 9. It 
can activate 
the HSI Data Available 
interrupt 
either 


when the Holding Register 
is loaded or the 6th FIFO 


entry has been made. Each input line can be individ- 
ually enabled 
or disabled 
to the HSI unit by software. 


FIFO 
INTERRUPT 


&< 1 
QP1T61MER 
CONTROL 
LOGIC 


~ 
HITOLO 
.-r- 
LOTOHI 


HSLTIME 


270532-7 


The High Speed Output (HSO) unit is shown in Fig- 
ure 10. It can be programmed to set or clear any of 
its 6 output lines, reset Timer 2, trigger an AID con- 
version, or set one of 4 Software Timer flags at a 
programmed time. An interrupt can be enabled for 
any of these events. Either Timer 1 or Timer 2 can 
be referenced for the programmed time value and 
up to 8 commands for preset actions can be stored 


in the CAM (Content Addressable Memory) file at 
anyone 
time. As each action is carried out at its 


preset time that command is removed from the CAM 
making space for another command. HSO.4 and 
HSO.5 are shared with the HSI unit as HSI.2 and 
HSI.3,and can be individually enabled or disabled as 
outputs. 


T2CLK 


T2RST 


High Speed 
Output 
Controls 
6 Pins 
4 Software 
Timers 


2 Interrupts 
Initiate AID Conversion 
Reset 
Timer 
2 
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There are 58-bit I/O ports on the 8096BH in addi- 
tion to the High Speed I/O lines. 


Port 0 is an input-only port which shares its pins with 
the analog inputs to the AID converter. The port can 
be read digitally and/or, by writing to the AID Com- 
mand Register, one of the lines can be selected as 
the input to the A/D converter. Port 0 is also used to 
input mode information on EPROM parts operating 
in the Programming Mode. 


Port 1 is a quasi-bidirectional I/O port. "Quasi-bidi- 
rectional" means the port pin has a weak internal 
pullup that is always active and an internal pulldown 
which can either be on (to output a 0) or off (to out- 
put a 1). This configuration allows the pin to be used 
as either an input or an output without using a data 
direction register. In parallel with the weak internal 
pullup is a much stronger internal pullup that is acti- 
vated for one state time when the pin is internally 
driven from 0 to 1. This is done to speed up the O-to- 
1 transition time. 


Port 2 is a multi-functional port. Two of the pins 
(P2.6, 2.7) are quasi-bidirectional while the remain- 
ing six are shared with other functions in the 
8096BH, as shown in Table 3. Port 2 is also used for 
control signals by EPROM parts operating in the 
Programming Mode. 


Port 
Function 
Alternate 
Function 


P2.0 
Output 
TXD (Serial Port Transmit) 


P2.1 
Input 
RXD (Serial Port Receive) 


P2.2 
Input 
EXTINT (External Interrupt) 


P2.3 
Input 
T2CLK (Timer 2 Clock) 


P2.4 
Input 
T2RST (Timer 2 Reset) 


P2.5 
Output 
PWM (Pulse Width Modulation) 


Ports 3 and 4 are bi-directional I/O ports with open 
drain outputs. These pins are also used as the multi- 
plexed address/data bus when accessing external 
memory, in which case they have strong internal 
pullups. The internal pullups are only used during 
external memory read or write cycles when the pins 
are outputting address or data bits. At any other 
time, the internal pullups are disabled. When used 
as a system bus, Ports 3 and 4 can be configured to 
be either a multiplexed 16-bit address/data bus or a 
multiplexed 16-bit address/ 8-bit data bus. EPROM 
parts also use Ports 3 and 4 to pass programming 
commands, addresses, data and status. 


The serial port is compatible with the MCS-51family, 
(8051, 8031 etc.), serial port. It is full duplex, and 
double-buffered on receive. There are 3 asynchro- 
nous modes and 1 synchronous mode of operation 
for the serial port. The asynchronous modes allow 
for 8 or 9 bits of data with even parity optionally 
inserted for one of the data bits. Selective interrupts 
based on the 9th data bit are available to support 
interprocessor communication. 


Baud rates in all modes are determined by an inde- 
pendent 16-bit on-chip baud rate generator. Either 
the XTAL1 pin or the T2CLK pin can be used as the 
input to the baud rate generator. The maximum baud 
rate in the asynchronous mode is 187.5 KBaud. The 
maximum baud rate in the synchronous mode is 1.5 
MBaud. 


The PWM output shares a pin with port bit P2.5. 
When the PWM output is selected, this pin outputs a 
pulse train having a fixed period of 256 state times, 
and a programmable width of 0 to 255 state times. 
The width is programmed by loading the desired 
value, in state times, to the PWM Control Register. 


The analog-to-digital converter is a 10-bit, succes- 
sive approximation converter with internal sample 
and hold. It has a fixed conversion time of 88 state 
times which includes the 4 state acquisition time of 
the internal Sample/Hold. With a 12 MHz clock, the 
conversion takes 22 !Jos,including the 1 !Jossample 
for the Sample and Hold. The Sample acquisition 
begins 4 state times after the conversion is trig- 
gered. A 2 pF capacitance is charged from the input 
signal during acquisition. 


The analog input must be in the range of 0 to VREF 
(nominally, VREF = 5V). This input can be selected 
from 8 analog input lines, which connect to the same 
pins as Port O.A conversion can be initiated either 
by setting a control bit in the AID Command register, 
or by programming the HSO unit to trigger the con- 
version at some specified time. 


The 8096BH has 20 interrupt sources which vector 
through 8 interrupt vectors. A 0-to-1 transition from 


inter 


any of the sources sets a corresponding bit in the 
Interrupt Pending register. The content of the Inter- 
rupt ~ask register d!'ltermines if a pending interrupt 
will be serviced or not. If it is to be serviced, the CPU 
pushes the current Program Counter onto the stack 
and reloads it with the vector corresponding to the 
desired interrupt. The interrupt vectors are located in 
addresses 2000H through 2011H, as shown in Fig- 
ure 11. 


Vector 
Location 


Vector 
(High 
(Low 
Priority 


Byte) 
Byte) 


Software 
2011H 
2010H 
Not Applicable 


Extint 
200FH 
200EH 
7 (Highest) 


Serial Port 
200DH 
200CH 
6 


Software 
200BH 
200AH 
5 


Timers 
HSI.O 
2009H 
2008H 
4 


High Speed 
2007H 
2006H 
3 


Outputs 
HSI Data 
2005H 
2004H 
2 


Available 
AID Conversion 
2003H 
2002H 
1 


Complete 
Timer Overflow 
2001H 
2000H 
o (Lowest) 


At the end of the interrupt routine the RET instruc- 
tion pops the program counter from the stack and 
execution continues where it left off. It is not neces- 
sary to store and replace registers during interrupt 


routines as each routine can be set up to use a dif- 
ferent section of the Register File. This feature of 
the 
architecture 
provides for 
very fast 
context 


switching. While the 8096BH has a single priority 
level in the sense that any interrupt may itself be 
interrupted, a priority structure exists for resolving 
simultaneously pending interrupts, as indicated in 
Figure 11. Since the interrupt pending and interrupt 
mask registers can be manipulated in software, it is 
possible to dynamically alter the interrupt priorities to 
suit the users software. 


The Watchdog Timer is a 16-bit counter which, once 
started, is incremented every state time. If not 
cleared before it overflows, the RESET pin will be 
pulled down for two state times, causing the system 
to be reinitialized. In a 12 MHz system, the Watch- 
dog Timer overflows after 16 ms. 


This feature is provided as a means of graceful re- 
covery from a software upset. The counter must be 
cleared by the software before it overflows, or else 
the system assumes an upset has occurred and acti- 
vates RESET. Once the Watchdog Timer is started it 
cannot be turned off by software. The flip-flop which 
enables the Watchdog Timer has been designed to 
maintain its state through VCCglitches to as low as 
OVor as high as 7V for 1 /-l-sto 1 ms. 


To start the Watchdog Timer, or to clear it, one 
writes 1EH followed by OE1H to the WDT address 
(OOOAH).The Watchdog cannot be stopped once it 
is started unless the system is reset. 


The 8096BH 
is available 
in 48-pin and 68-pin packages, 
with and without 
AID, 
and with and without 
on-chip 
ROM or EPROM. 
The MCS-96 
numbering 
system 
is shown 
in Figure 12. Figures 
13-17 
show the pinouts 
for 
the 48- and 68-pin packages. 
The 48-pin version 
is offered 
in a Dual-tn-Line 
package 
while the 68-pin versions 
come 
in a Plastic 
Leaded 
Chip Carrier (PLCq, 
a Pin Grid Array (PGA) or a Type "B" 
Leadless 
Chip Carrier. 


Without AID 
With AID 


48 Pin 
C8095CH 
- Ceramic 
DIP 
P8095BH 
- Plastic DIP 
ROMless 
A8096BH 
- Ceramic 
PGA 
A8097BH 
- Ceramic 
PGA 
68 Pin 
N8096BH 
- PLCC 
N8097BH 
• PLCC 


48 Pin 
C8395BH 
• Ceramic 
DIP 
P8395BH 
- Plastic DIP 
ROM 
A8396BH 
- Ceramic 
PGA 
A8397BH 
- Ceramic 
PGA 
68 Pin 
N8396BH 
- PLCC 
N8397BH 
- PLCC 


48 Pin 
C8795BH 
- Ceramic 
DIP 
EPROM 
A8796BH 
- Ceramic 
PGA 
A8797BH 
- Ceramic 
PGA 
68 Pin 
R8796BH 
- Ceramic 
LCC 
R8797BH 
- Ceramic 
LCC 


PGA/ 
PLCC 
Description 
PGA/ 
PLCC 
Description 
PGA/ 
PLCC 
Description 
LCC 
LCC 
LCC 


1 
9 
ACH7/PO.7/PMOD.3 
24 
54 
AD6/P3.6 
47 
31 
P1.6 


2 
8 
ACH6/PO.6/PMOD.2 
25 
53 
AD7/P3.7 
48 
30 
P1.5 


3 
7 
ACH2/PO.2 
26 
52 
AD8/P4.0 
49 
29 
HSO.1 


4 
6 
ACHO/PO.O 
27 
51 
AD9/P4.1 
50 
28 
HSO.O 


5 
5 
ACH1/PO.1 
28 
50 
AD10/P4.2 
51 
27 
HSO.5/HSI.3 


6 
4 
ACH3/PO.3 
29 
49 
AD11/P4.3 
52 
26 
HSO.4/HSI.2 


7 
3 
NMI 
30 
48 
AD12/P4.4 
53 
25 
HSI.1 


8 
2 
EA 
31 
47 
AD13/P4.5 
54 
24 
HSI.O 


9 
1 
VCC 
32 
46 
AD14/P4.6 
55 
23 
P1.4 


10 
68 
VSS 
33 
45 
AD15/P4.7 
56 
22 
P1.3 


11 
67 
XTAL1 
34 
44 
T2CLK/P2.3 
57 
21 
P1.2 


12 
66 
XTAL2 
35 
43 
READY 
58 
20 
P1.1 


13 
65 
CLKOUT 
36 
42 
T2RST/P2.4 
59 
19 
P1.0 


14 
64 
BUSWIDTH 
37 
41 
BHE/WRH 
60 
18 
TXD/P2.0/PVERISALE 


15 
63 
INST 
38 
40 
WR/WRL 
61 
17 
RXD/P2.1/PALE 


16 
62 
ALE/ADV 
39 
39 
PWM/P2.5/PDO/SPROG 
62 
16 
RESET 


17 
61 
RD 
40 
38 
P2.7 
63 
15 
EXTINT IP2.2/PROG 


18 
60 
ADO/P3.0 
41 
37 
VPP 
64 
14 
VPD 


19 
59 
AD1/P3.1 
42 
36 
VSS 
65 
13 
VREF 


20 
58 
AD2/P3.2 
43 
35 
HSO.3 
66 
12 
ANGND 


21 
57 
AD3/P3.3 
44 
34 
HSO.2 
67 
11 
ACH4/PO.4/PMOD.0 


22 
56 
AD4/P3.4 
45 
33 
P2.6 
68 
10 
ACH5/PO.5/PMOD.1 


23 
55 
AD5/P3.5 
46 
32 
P1.7 


RXD/P2.1 


TXD/P2.0 


HSIO 


HSl1 


HSI2/HSO" 


HSI3/HS05 


HSOO 


HS01 


HS02 


HS03 


VSS 
Vpp 


PWt.4/P2.5 


WRL/WR 


WRH/BHE 


READY 


AD15/P".7 


AD1"/P".6 


AD13/P".5 


AD12/P .•..• 


AD11/P".3 


AD10/P .••2 


AD9/P".1 


AD8/P .••0 


RESET 


EXTINT/P2.2 


VPD 


VREF 
ANGND 


ACH.•/PO." 


ACH5/PO.5 


ACH7/PO.7 


ACH6/PO.6 


EA 


VCC 
VSS 
XTAL1 


XTAL2 


ALE/ADV 


RD 


ADO/P3.0 


AD1/P3.1 


AD2/P3.2 


AD3/P3.3 


AD.•/P3." 


AD5/P3.5 


AD6/P3.6 
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ACH.4/PO." 


ANGNO 
12 


VREf 


V"" 
EXTlNT/P2.2 


RESET 


AXe/P2.! 


TXO/P2.D 


PloD 


P101 


P1.2 


P1.3 


PI." 


HS~ 


HSI1 


HSI2/HS04 


400/P3.0 


Aol/P3.1 


A02/PJ.2 


A03/p3.3 


AD.•/P)," 


A05/P3.5 


AD6/p3.lS 


"07/P3.7 


A08!P.M 


A09/P4.1 


A010/P4.2 


AOl1/P4.3 


A012/PV. 
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Figure 16. 68-Pln Package 
(Pin Grid Array - Top View) 
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Symbol 
Name and Function 
. 


Vcc 
Main supply voltage 
(5V). 


Vss 
Digital circuit ground 
(OV). There are two Vss pins, both of which must be connected. 


VPD 
RAM standby 
supply voltage 
(5V). This voltage 
must be present 
during normal operation. 
In a Power 
Down condition 
(i.e. Vcc drops to zero), if RESET is activated 
before 
Vcc drops below spec and VPD 
continues 
to be held within spec., the top 16 bytes in the Register 
File will retain their contents. 
RESET 


must be held low during the Power Down and should 
not be brought 
high until Vcc 
is within spec and 
the oscillator 
has stabilized. 


VREF 
Reference 
voltage 
for the A/D 
converter 
(5V). VREF is also the supply voltage 
to the analog portion 
of 
the AID 
converter 
and the logic used to read Port O. Must be connected 
for AID 
and Port 0 to function. 


ANGND 
Reference 
ground 
for the AID 
converter. 
Must be held at nominally 
the same potential 
as Vss. 


Vpp 
Programming 
voltage 
for the EPROM 
parts. It should 
be + 12.75V for programming. 
This pin is VBB on 
8X9X-90 
parts. Systems 
that have this pin connected 
to ANGND 
through 
a capacitance 
(required 
on 


8X9X-90 
parts) do not need to change. 
Otherwise, 
tie to Vcc. 


XTAL1 
Input of the oscillator 
inverter 
and of the internal 
clock generator. 


XTAL2 
Output of the oscillator 
inverter. 


CLKOUT 
Output of the internal 
clock generator. 
The frequency 
of CLKOUT 
is % the oscillator 
frequency. 
It has a 
33% duty cycle. 


RESET 
Reset input to the chip. Input low for at least 2 state times to reset the chip. The subsequent 
low-to-high 
transition 
re-synchronizes 
CLKOUT 
and commences 
a 1O-state-time 
sequence 
in which the PSW is 
cleared, 
a byte read from 2018H 
loads CCR, and a jump to location 
2080H 
is executed. 
Input high for 
normal operation. 
RESET has an internal 
pullup. 


BUSWIDTH 
Input for bus width selection. 
If CCR bit 1 is a one, this pin selects 
the bus width for the bus cycle in 
progress. 
If BUSWIDTH 
is a 1, a 16-bit bus cycle occurs. 
If BUSWIDTH 
is a 0 an 8-bit cycle occurs. 
If 
CCR bit 1 is a 0, the bus is always an 8-bit bus. This pin is the TEST pin on 8X9X-90 
parts. Systems 
with 
TEST tied to Vcc do not need to change. 
If this pin is left unconnected, 
it will rise to Vce. 


NMI 
A positive 
transition 
causes 
a vector to external 
memory 
location 
OOOOH.External 
memory 
from OOH 
through 
OFFH is reserved 
for Intel development 
systems. 


INST 
Output 
high during an external 
memory 
read indicates 
the read is an instruction 
fetch. 
INST is valid 
throughout 
the bus cycle. INST is activated 
only during external 
memory 
accesses. 


EA 
Input for memory 
select 
(External 
Access). 
EA equal to a TIL-high 
causes 
memory 
accesses 
to 
locations 
2000H through 
3FFFH to be directed 
to on-chip 
ROM/EPROM. 
EA equal to a TIL-Iow 
causes 


accesses 
to these locations 
to be directed 
to off-chip 
memory. 
EA = + 12.5V causes 
execution 
to 
begin in the Programming 
Mode. EA has an internal 
pulldown, 
so it goes to 0 unless driven otherwise. 
EA is latched 
at reset. 


ALE/ADV 
Address 
Latch Enable or Address 
Valid output, 
as selected 
by CCR. Both pin options 
provide 
a latch to 
demultiplex 
the address 
from the address/data 
bus. When the pin is ADV, it goes inactive 
high at the 
end of the bus cycle. ADV can be used as a chip select for external 
memory. 
ALE/ ADV is activated 
only 
during external 
memory 
accesses. 


RD 
Read signal output to external 
memory. 
RD is activated 
only during external 
memory 
reads. 


WR/WRL 
Write and Write Low output to external 
memory, 
as selected 
by the CCR. WR will go low for every 
external 
write, while WRL will go low only for external 
writes where an even byte is being written. 
WR/WRL 
is activated 
only during external 
memory 
writes. 


BHE/WRH 
Bus High Enable or Write High output to external 
memory, 
as selected 
by the CCR. BHE = 0 selects 
the bank of memory 
that is connected 
to the high byte of the data bus. AO = 0 selects 
the bank of 
memory that is connected 
to the low byte of the data bus. Thus accesses 
to a 16-bit wide memory 
can 
be to the low byte only (AO = 0, BHE = 1), to the high byte only (AO = 1, BHE = 0), or both bytes 
(AO = 0, BHE = 0). If the WRH function 
is selected, 
the pin will go low if the bus cycle is writing to an 
odd memory 
location. 
BHE/WRH 
is activated 
only during external 
memory 
writes. 
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Symbol 
Name and Function 


READY 
Ready input to lengthen 
external 
memory 
cycles, for interfacing 
to slow or dynamic 
memory, 
or 


for bus sharing. 
If the pin is high, CPU operation 
continues 
in a normal manner. 
If the pin is low 
prior to the falling edge of CLKOUT, 
the memory 
controller 
goes into a wait mode until the next 


positive 
transition 
in CLKOUT 
occurs with READY high. The bus cycle can be lengthened 
by up 
to 1 ,...S. When the external 
memory 
is not being used, READY 
has no effect. 
Internal 
control 
of 


the number 
of wait states inserted 
into a bus cycle held not ready is available 
through 


configuration 
of CCR. READY has a weak internal 
pull up, so it goes to 1 unless externally 
pulled 
low. 


HSI 
Inputs to High Speed 
Input Unit. Four HSI pins are available: 
HSI.O, HSI.1, HSI.2, and HSI.3. Two 


of them (HSI.2 and HSI.3) are shared with the HSO Unit. The HSI pins are also used as inputs by 
EPROM 
parts in Programming 
Mode. 


HSO 
Outputs 
from High Speed Output 
Unit. Six HSO pins are available: 
HSO.O, HSO.1, HSO.2, 
HSO.3, 
HSO.4, and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the HSI Unit. 


PortO 
a-bit high impedance 
input-only 
port. These pins can be used as digital inputs and/ or as analog 
inputs to the on-chip AID converter. 
These pins are also a mode input to EPROM 
parts in the 


Programming 
Mode. 


Port 1 
a·bit quasi-bidirectional 
I/O port. 


Port 2 
a·bit multi-functional 
port. Six of its pins are shared with other functions 
in the a096BH, 
the 
remaining 
2 are quasi· bidirectional. 
These 
pins are also used to input and output control 
signals 
on EPROM 
parts in Programming 
Mode. 


Ports 3 and 4 
a·bit bi·directionall/O 
ports with open drain outputs. 
These pins are shared with the multiplexed 
address/data 
bus which has strong internal 
pullups. 
Ports 3 and 4 are also used as a command, 


address 
and data path by EPROM 
parts operating 
in the Programming 
Mode. 


The 8096BH instruction set makes use of six ad- 
dressing modes as described below: 


DIRECT-The 
operand is specified by an 8-bit ad- 


dress field in the instruction. The operand must be in 
the Register File or SFR space (locations OOOOH 
through OOFFH). 


IMMEDIATE-The 
operand itself follows the op- 


code in the instruction stream as immediate data. 
The immediate data can be either 8-bits or 16-bits as 
required by the opcode. 


INDIRECT-An 
8-bit address field in the instruction 


gives the word address of a word register in the 
Register File which contains the 16-bit address of 
the operand. The operand can be anywhere in mem- 
ory. 


INDIRECT WITH AUTO·INCREMENT-Same 
as 


Indirect, except that, after the operand is referenced, 
the word register that contains the operand's ad- 
dress is incremented by 1 if the operand is a byte, or 
by 2 if the operand is a word. 


INDEXED (LONG AND SHORT)- The instruction 
contains an 8-bit address field and either an 8-bit or 
a 16-bit displacement field. The 8-bit address field 
gives the word address of a word register in the 
Register File which contains a 16·bit base address. 
The 8- or 16-bit displacement field contains a signed 
displacement that will be added to the base address 
to produce the address of the operand. The operand 
can be anywhere in memory. 


The 8096BH contains a zero register at word ad- 
dress OOOOH(and which contains OOOOH).This reg- 
ister is available for performing comparisons and for 
use as a base register in indexed addressing. This 
effectively provides direct addressing to all 64K of 
memory. 


In the 8096BH, the Stack Pointer is at word address 
0018H in the Register File. If the 8-bit address field 
contains 18H, the Stack Pointer becomes the base 
register. This allows direct accessing of variables in 
the stack. 


The following tables list the MCS-96 instructions, 
their opcodes, and execution times. 


inter 


Instruction 
Summary 


Mnemonic 
Oper- 
Operation (Note 1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


ADD/ADDB 
2 
D+-D+A 
" " " " 
t 
- 


ADD/ADDB 
3 
D+-B+A 
" " " " 
t 
- 


ADDC/ADDCB 
2 
o +- 
D+A+C 
! " " " 
t 
- 


SUB/SUBB 
2 
D+-D-A 
" " " " 
t 
- 


SUB/SUBB 
3 
D+-B-A 
" " " " 
t 
- 


SUBC/SUBCB 
2 
o +- 
D-A+C-1 
! " " " 
t 
- 


CMP/CMPB 
2 
D-A 
" " " " 
t 
- 


MUL/MULU 
2 
0,0+ 
2 +- 
D' 
A 
- - - 
- 
- 
? 
2 


MUL/MULU 
3 
0,0+ 
2 +- 
B' 
A 
- - - - 
- 
? 
2 


MULB/MULUB 
2 
0,0+ 
1 +- 
D' 
A 
- - - - 
- 
? 
3 


MULB/MULUB 
3 
0,0+ 
1 +- 
B' 
A 
- - - - - 
? 
3 


DIVU 
2 
o +- 
(0, 0 + 2)/ A, 0 + 2 
+- 
remainder 
- - 
- " 
t 
- 
2 


DIVUB 
2 
o +- 
(0,0 
+ 1)/A, 0 + 1 ? 
remainder 
- - - " 
t 
- 
3 


DIV 
2 
o +- 
(0, 0 + 2)/ A, 0 + 2 
+- 
remainder 
- 
- - 
? 
t 
- 


DIVB 
2 
o +- 
(0, 0 + 1)/ A, 0 + 1 
+- 
remainder 
- - - 
? 
t 
- 


AND/ANDB 
2 
o +- 
DandA 
" " 
0 
0 
- 
- 


AND/ANDB 
3 
o +- 
BandA 
" " 
0 
0 
- 
- 


OR/ORB 
2 
o +- 
DorA 
" " 
0 
0 - 
- 


XOR/XORB 
2 
o +- 
0 (exel. or) A 
" " 
0 
0 
- 
- 


LD/LDB 
2 
D+-A 
- - - - - 
- 


ST/STB 
2 
A+-D 
- 
- 
- - - - 
LDBSE 
2 
D+-A;D+1 
+- 
SIGN(A) 
- 
- 
- - - 
- 
3,4 


LDBZE 
2 
o +- 
A;D+ 
1 +-0 
- 
- 
- 
- 
- 
- 
3,4 


PUSH 
1 
SP +- 
SP - 
2; (SP) +- 
A 
- 
- 
- 
- 
- 
- 


POP 
1 
A +- 
(SP); SP +- 
SP + 2 
- - - - - - 
PUSHF 
0 
SP +- 
SP - 
2; (SP) +- 
PSW; 
0 
0 
0 
0 
0 
0 
PSW +- 
OOOOH 
I+-O 


POPF 
0 
PSW +- 
(SP); SP +- 
SP + 2; 
I+-" 
" " " " " " 
SJMP 
1 
PC +- 
PC + 11-bit offset 
- - - - - 
- 
5 


LJMP 
1 
PC +- 
PC + 16-bit offset 
- 
- 
- 
- 
- 
- 
5 


BR [indirect) 
1 
PC +- 
(A) 
- - - - - - 
SCALL 
1 
SP +- 
SP - 
2; (SP) +- 
PC; 
- 
- 
- 
- 
- 
- 
5 
PC +- 
PC + 11-bit offset 


LCALL 
1 
SP +- 
SP - 
2; (SP) +- 
PC; 
- 
- - - - - 
5 
PC +- 
PC + 16-bit offset 


RET 
0 
PC +- 
(SP); SP +- 
SP + 2 
- - - 
- 
- 
- 
J (conditional) 
1 
PC +- 
PC + 8-bit offset (if taken) 
- 
- - - - 
- 
5 


JC 
1 
Jump ifC = 1 
- 
- 
- 
- 
- 
- 
5 
JNC 
1 
Jump ifC = 0 
- 
- - - - 
- 
5 
JE 
1 
Jump if Z = 1 
. 
- 
- 
- - 
- 
- 
5 


NOTES: 
1. If the mnemonic ends in "B", a byte operation is performed, otherwise a word operation is done. Operands D, B, and A 
must conform to the alignment rules for the required operand type. D and B are locations in the Register File; A can be 
located anywhere in memory. 
2. D, D + 2 are consecutive WORDS in memory; D is DOUBLE-WORD aligned. 
3. D, D + 1 are consecutive BYTES in memory; D is WORD aligned. 
4. Changes a byte to a word. 
5. Offset is a 2's complement number. 


Instruction 
Summary 
(Continued) 


Mnemonic 
Oper- 
Operation (Note 1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


JNE 
1 
JumpifZ 
= 0 
- 
- 
- - - 
- 
5 


JGE 
. 
1 
Jump if N = 0 
- 
- 
- - - 
5 


JLT 
1 
Jump if N = 1 
- 
- - - - 
- 
5 


JGT 
1 
Jump if N = 0 and Z = 0 
- 
- 
- 
- 
- 
- 
5 


JLE 
1 
Jump if N = 1 or Z = 1 
- - - - - 
- 
5 


JH 
1 
Jump if C = 1 and Z = 0 
- 
- - - - 
- 
5 


JNH 
1 
Jump if C = 0 or Z = 1 
- 
- - - - 
- 
5 


JV 
1 
Jump if V = 1 
- - - - - 
- 
5 


JNV 
1 
Jump if V = 0 
- - - - - 
- 
5 


JVT 
1 
Jump if VT = 1; Clear VT 
- 
- 
- 
- 
0 
- 
5 


JNVT 
1 
Jump if VT = 0; Clear VT 
- - 
- 
- 
0 - 
5 


JST 
1 
Jump ifST = 1 
- - - - - - 
5 


JNST 
1 
JumpifST 
= 0 
- - - - - 
- 
5 


JBS 
3 
Jump if Specified Bit = 1 
- 
- 
- 
- - - 
5,6 


JBC 
3 
Jump if Specified Bit = 0 
- - 
- 
- 
- 
- 
5,6 


DJNZ 
1 
D - 
D-1;ifDT"Othen 
PC - 
PC + a-bit offset 
- - - - - - 
5 


DEC/DECB 
1 
D-D-1 
", 
", 
", 
", 
i - 
NEG/NEGB 
1 
D-O-D 
", 
", 
", 
", 
i 
- 


INC/INCB 
1 
D- 
D + 1 
", 
", 
", 
", 
i 
- 


EXT 
1 
D- 
D; D + 2 - 
Sign (D) 
", 
", 
0 
0 
- 
- 
2 


EXTB 
1 
D- 
D;D + 1 - 
Sign(D) 
", 
", 
0 
0 
- 
- 
3 


NOT/NOTS 
1 
D- 
Logical Not (D) 
", 
", 
0 
0 
- 
- 


CLR/CLRB 
1 
D-O 
1 
0 
0 
0 
- 
- 


SHLlSHLB/SHLL 
2 
C - 
msb-----Isb 
- 
0 
", 
? 
", 
", 
i - 
7 


SHRISHRB/SHRL 
2 
0"'" 
msb-----Isb 
.•..• C 
", 
? 
", 
0 
- 
", 
7 


SHRA/SHRAB/SHRAL 
2 
msb"'" 
msb-----Isb 
.•..• C 
", 
", 
", 
0 
- 
", 
7 


SETC 
0 
C-1 
- - 
1 
- 
- 
- 


CLRC 
0 
C-O 
- 
- 
0 
- 
- 
- 
CLRVT 
0 
VT - 
0 
- 
- 
- 
- 
0 
- 


RST 
0 
PC - 
20aOH 
0 
0 
0 
0 
0 
0 
a 


DI 
0 
Disable All Interrupts (I - 
0) 
- 
- 
- 
- 
- 
- 
EI 
0 
Enable All Interrupts (I - 
1) 
- - - - - 
- 
NOP 
0 
PC - 
PC + 1 
- - 
- 
- 
- 
- 


SKIP 
0 
PC-PC+2 
- 
- 
- - - 
- 
NORML 
2 
Left shift till msb = 1; D - 
shift count 
", 
? 
0 
- 
- 
- 
7 


TRAP 
0 
SP - 
SP - 
2; (SP) - 
PC 
PC - 
(2010H) 
- - - 
- 
- 
- 
9 


NOTES: 
1. If the mnemonic ends in "S", a byte operation is performed, otherwise a word operation is done. Operands D, S and A 
must conform to the alignment rules for the required operand type. D and S are locations in the Register File; A can be 
located anywhere in memory. 
5. Offset is a 2's complement number. 
6. Specified bit is one of the 2048 bits in the register file. 
7. The "L" (Long) suffix indicates double-word operation. 
8. Initiates a Reset by pulling RESET low. Software should re-initialize all the necessary registers with code starting at 
2080H. 
9. The assembler will not accept this mnemonic. 


intJ 


DIRECT 
IMMEDIATE 
INDIRECT@) 
INDEXED@) 


NORMAL 
AUTO·INC. 
SHORT 
LONG 


u 
0 
Z 
0 
e@ 
e@ 
z 
w 
w 
w 
e0 
e0 
w 
0 
C 
0 
0 
0 
0 
0 
-0 
:. 
a: 
0 
0 
~f3 
0 
0 
~f3 
0 
0 
Ww 
0 
Ww 
0 
Wf3 
0 
Ww 
W 
~ 
~ 


W 
W 
W 
W 
W 
U ~ 
U 
~ 
lie:. 
~ 
lie:. 
u 
~ 
lie:li 
~ 
lie:. 
z 
A- 
A- 
I-':' 
A- 
I-':' 
~~ 
~~ 
A- 
~~ 
~~ 
:. 
0 
0 
III 
0~ 
0 
III 
0~ 
0 
III 
III 
0 
III 
III 


ARITHMETIC INSTRUCTIONS 


ADD 
2 
64 
3 
4 
65 
4 
5 
66 
3 
6/11 
3 
7/12 
67 
4 
6/11 
5 
7/12 


ADD 
3 
44 
4 
5 
45 
5 
6 
46 
4 
7/12 
4 
8113 
47 
5 
7/12 
6 
8113 


ADDB 
2 
74 
3 
4 
75 
3 
4 
76 
3 
6/11 
3 
7/12 
77 
4 
6/11 
5 
7/12 


ADDB 
3 
54 
4 
5 
55 
4 
5 
56 
4 
7/12 
4 
8113 
57 
5 
7/12 
6 
8/13 


ADDC 
2 
A4 
3 
4 
A5 
4 
5 
A6 
3 
6/11 
3 
7/12 
A7 
4 
6/11 
5 
7/12 


ADDCB 
2 
B4 
3 
4 
B5 
3 
4 
B6 
3 
6/11 
3 
7/12 
B7 
4 
6/11 
5 
7/12 


SUB 
2 
68 
3 
4 
69 
4 
5 
6A 
3 
6/11 
3 
7/12 
6B 
4 
6/11 
5 
7/12 


SUB 
3 
48 
4 
5 
49 
5 
6 
4A 
4 
7/12 
4 
8113 
4B 
5 
7/12 
6 
8/13 


SUBB 
2 
78 
3 
4 
79 
3 
4 
7A 
3 
6/11 
3 
7/12 
7B 
4 
6/11 
5 
7/12 


SUBB 
3 
58 
4 
5 
59 
4 
5 
5A 
4 
7/12 
4 
8113 
5B 
5 
7/12 
6 
8113 


SUBC 
2 
A8 
3 
4 
A9 
4 
5 
AA 
3 
6/11 
3 
7112 
AB 
4 
6/11 
5 
7/12 


SUBCB 
2 
B8 
3 
4 
B9 
3 
4 
BA 
3 
6/11 
3 
7/12 
BB 
4 
6/11 
5 
7/12 


CMP 
2 
88 
3 
4 
89 
4 
5 
8A 
3 
6/11 
3 
7/12 
8B 
4 
6/11 
5 
7/12 


CMPB 
2 
98 
3 
4 
99 
3 
4 
9A 
3 
6111 
3 
7/12 
9B 
4 
6/11 
5 
7/12 


MULU 
2 
6C 
·3 
25 
6D 
4 
26 
6E 
3 
27/32 
3 
28/33 
6F 
4 
27/32 
5 
28/33 


MULU 
3 
4C 
4 
26 
4D 
5 
27 
4E 
4 
28/33 
4 
29/34 
4F 
5 
28/33 
6 
29/34 


MULUB 
2 
7C 
3 
17 
7D 
3 
17 
7E 
3 
19/24 
3 
20125 
7F 
4 
19/24 
5 
20/25 


MULUB 
3 
5C 
4 
18 
5D 
4 
18 
5E 
4 
20/25 
4 
21/26 
5F 
5 
20/25 
6 
21/26 


MUL 
2 
~ 
4 
29 
~ 
5 
30 
~ 
4 
31/36 
4 
32137 
<2l 
5 
31/36 
6 
32137 


MUL 
3 
~ 
5 
30 
~ 
6 
31 
~ 
5 
32137 
5 
33/38 
~ 
6 
32137 
7 
33/38 


MULB 
2 
~ 
4 
21 
~ 
4 
21 
~ 
4 
23/28 
4 
24/29 
~ 
5 
23128 
6 
24/29 


MULB 
3 
~ 
5 
22 
~ 
5 
22 
~ 
5 
24/29 
5 
25/30 
~ 
6 
24/29 
7 
25/30 


DlVU 
2 
8C 
3 
25 
8D 
4 
26 
8E 
3 
28/32 
3 
29133 
8F 
4 
28/32 
5 
29/33 


DlVUB 
2 
9C 
3 
17 
9D 
3 
17 
9E 
3 
20/24 
3 
21/25 
9F 
4 
20/24 
5 
21/25 


DlV 
2 
~ 
4 
29 
~ 
5 
30 
~ 
4 
32/36 
4 
33/37 
~ 
5 
32/36 
6 
33137 


DIVB 
2 
~ 
4 
21 
~ 
4 
21 
~ 
4 
24/28 
4 
25/29 
~ 
5 
24/28 
6 
25/29 


NOTES: 
"Long 
indexed 
and Indirect + instructions 
have identical 
opcodes 
wjth Short 
indexed 
and Indirect 
modes, 
respectively. 
The 
second 
byte of instructions 
using 
any Indirect 
or indexed 
addressing 
mode 
specifies 
the exact 
mode 
used. 
If the 
second 


byte is even, 
use Indirect 
or Short 
indexed. 
If it is odd, use Indirect + or Long indexed. 
In all cases 
the second 
byte of the 


instruction 
always 
specifies 
an even 
(word) 
location 
for the address 
referenced. 


<D Number 
of state times 
shown 
for internal/external 
operands. 


<I> The opcodes 
for signed 
multiply 
and divide 
are the opcodes 
for the 
unsigned 
functions 
with 
an "FE" 
appended 
as a 


prefix. 
@ State times 
shown 
for 16-bit bus. 


inter 


INDIRECT@ 
INDEXED@ 


DIRECT 
IMMEDIATE 
NORMAL 
AUTO-INC. 
SHORT 
LONG 


CJ 
UJ 
Z 
Q 
W 
W 
w 
8~ 
8@ 
z 
w 
8UJ 
8UJ 
0 
C 
Q 
UJ 
Q 
UJ 
Q 
UJ 
UJ 
Q 
UJ 
UJ 
wgJ 
~ 
0 
wUJ 
0 
wUJ 
0 
Ww 
Ww 
0 
Ww 
a: 
w 
!CW 
w 
!CW 
w 
!C~ w 
!C~ 
w 
!C~ w 
!C~ 
w 
w 
CJ !; 
CJ !; 
CJ !; 
!; 
CJ !; 
!; 
Z 
A. 
A. 
~! 
A. 
~~ 
A. 
t~ 
t~ 
A. 
t~ 
t~ 
~ 
0 
0 
CD 
UJ~ 
0 
CD 
UJ~ 
0 
CD 
CD 
0 
CD 
CD 


LOGICAL 
INSTRUCTIONS 


AND 
2 
60 
3 
4 
61 
4 
5 
62 
3 
6/11 
3 
7/12 
63 
4 
6/11 
5 
7/12 


AND 
3 
40 
4 
5 
41 
5 
6 
42 
4 
7/12 
4 
8/13 
43 
5 
7/12 
6 
8/13 


ANDB 
2 
70 
3 
4 
71 
3 
4 
72 
3 
6/11 
3 
7/12 
73 
4 
6111 
5 
7/12 


ANDB 
3 
50 
4 
5 
51 
4 
5 
52 
4 
7/12 
4 
8/13 
53 
5 
7/12 
6 
8113 


OR 
2 
80 
3 
4 
81 
4 
5 
82 
3 
6/11 
3 
7112 
83 
4 
6/11 
5 
7/12 


ORB 
2 
90 
3 
4 
91 
3 
4 
92 
3 
6/11 
3 
7/12 
93 
4 
6/11 
5 
7/12 


XOR 
2 
84 
3 
4 
85 
4 
5 
86 
3 
6/11 
3 
7/12 
87 
4 
6/11 
5 
7/12 


XORB 
2 
94 
3 
4 
95 
3 
4 
96 
3 
6/11 
3 
7/12 
97 
4 
6/11 
5 
7/12 


DATA TRANSFER 
INSTRUCTIONS 


LD 
2 
AO 
3 
4 
Al 
4 
5 
A2 
3 
6/11 
3 
7/12 
A3 
4 
6/11 
5 
7/12 


LDB 
2 
BO 
3 
4 
BI 
3 
4 
B2 
3 
6/11 
3 
7/12 
B3 
4 
6/11 
5 
7/12 


ST 
2 
CO 
3 
4 
- 
- 
- 
C2 
3 
7/11 
3 
8/12 
C3 
4 
7/11 
5 
8/12 


STB 
2 
C4 
3 
4 
- 
- 
- 
C6 
3 
7/11 
3 
8/12 
C7 
4 
7/11 
5 
8/12 


LDBSE 
2 
BC 
3 
4 
BD 
3 
4 
BE 
3 
6/11 
3 
7/12 
BF 
4 
6/11 
5 
7/12 


LDBZE 
2 
AC 
3 
4 
AD 
3 
4 
AE 
3 
6/11 
3 
7/12 
AF 
4 
6/11 
5 
7/12 


STACK OPERATIONS 
(Internal 
stack) 


PUSH 
I 
C8 
2 
8 
C9 
3 
8 
CA 
2 
11/15 
2 
12/16 
CB 
3 
11/15 
4 
12116 


POP 
1 
CC 
2 
12 
- 
- 
- 
CE 
2 
14/18 
2 
14/18 
CF 
3 
14/18 
4 
14/18 


PUSHF 
0 
F2 
I 
8 


POPF 
0 
F3 
I 
9 


STACK OPERATIONS 
(external 
stack) 


PUSH 
I 
C8 
2 
12 
C9 
3 
12 
CA 
2 
15/19 
2 
16/20 
CB 
3 
15/19 
4 
16/20 


POP 
1 
CC 
2 
14 
- 
- 
- 
CE 
2 
16/20 
2 
16/20 
CF 
3 
16/20 
4 
16/20 


PUSHF 
0 
F2 
I 
12 


POPF 
0 
F3 
1 
13 


JUMPS AND CALLS 


MNEMONIC 
OPCODE 
BYTES 
STATES 
MNEMONIC 
OPCODE 
BYTES 
STATES 


UMP 
E7 
3 
8 
LCALL 
EF 
3 
13/16<5> 


SJMP 
20-27@ 
2 
8 
SCALL 
28-2F@ 
2 
13/16(5) 


BR( ) 
E3 
2 
8 
RET 
FO 
1 
12116(5) 


TRA~ 
F7 
I 
21124 


NOTES: 
([) Number 
of state times 
shown 
for internal/external 
operands. 


Q) The assembler 
does 
not accept 
this mnemonic. 


@ The least 
significant 
3 bits of the opcode 
are concatenated 
with the following 
8 bits to form 
an 11-bit, 
2's complement, 
offset 
for the relative 
call or jump. 


® State times 
for stack 
located 
internal/ex1ernal. 


@ State times 
shown 
for 16·bit bus. 


intJ 


All conditional 
jumps are 2 byte instructions. 
They require 8 state times if the jump is taken, 4 if it is noU8) 


MNEMONIC 
OPCODE 
MNEMONIC 
OPCODE 
MNEMONIC 
OPCODE 
MNEMONIC 
OPCODE 


JC 
OB 
JE 
OF 
JGE 
06 
JGT 
02 


JNC 
03 
JNE 
07 
JLT 
OE 
JLE 
OA 


JH 
09 
JV 
00 
JVT 
OC 
JST 
08 


JNH 
01 
JNV 
05 
JNVT 
04 
JNST 
00 


These 
instructions 
are 3-byte instructions. 
They require 9 state times if the jump is taken, 5 if it is noU8) 


BIT NUMBER 


MNEMONIC 
0 
1 
2 
3 
4 
5 
6 
7 


JBC 
30 
31 
32 
33 
34 
35 
36 
37 


JBS 
38 
39 
3A 
3B 
3C 
30 
3E 
3F 


MNEMONIC 


OJNZ 


OPCODE 


EO 


LOOP CONTROL 


BYTES 
3 


STATE 
TIMES 


5/9 STATE TIME (NOT TAKEN/TAKEN)(8) 


MNEMONIC 
OPCODE 
BYTES 
STATES(8) 
MNEMONIC 
OPCODE 
BYTES 
STATES(8) 


OEC 
05 
2 
4 
EXT 
06 
2 
4 


OECB 
15 
2 
4 
EXTB 
16 
2 
4 


NEG 
03 
2 
4 
NOT 
02 
2 
4 


NEGB 
13 
2 
4 
NOTB 
12 
2 
4 


INC 
07 
2 
4 
CLR 
01 
2 
4 


INCB 
17 
2 
4 
CLRB 
11 
2 
4 


INSTR 
WORD 
INSTR 
BYTE 
INSTR 
DBLWD 
STATE 
TIMES(8) 
MNEMONIC 
OP 
B 
MNEMONIC 
OP 
B 
MNEMONIC 
OP 
B 


SHL 
09 
3 
SHLB 
19 
3 
SHLL 
00 
3 
7 + 1 PER SHIFT(?) 


SHR 
08 
3 
SHRB 
18 
3 
SHRL 
OC 
3 
7 + 1 PER SHIFT(?) 


SHRA 
OA 
3 
SHRAB 
1A 
3 
SHRAL 
OE 
3 
7 + 1 PER SHIFT(?) 


MNEMONIC 
OPCODE 
BYTES 
STATES(8) 
MNEMONIC 
OPCODE 
BYTES 
STATES(8) 


SETC 
F9 
1 
4 
01 
FA 
1 
4 


CLRC 
F8 
1 
4 
EI 
FB 
1 
4 


CLRVT 
FC 
1 
4 
NOP 
FO 
1 
4 


RST(6) 
FF 
1 
166 
SKIP 
00 
2 
4 


MNEMONIC 


NORML 


NOTES: 
6. This 
instruction 
takes 
2 states 
to pull RESET 
low, then 
holds 
it low for 2 states 
to initiate 
a reset. 
The 
reset 
takes 
12 
states, 
at which 
time the program 
restarts 
at location 
2080H. 
If a capacitor 
is tied to RESET, 
the pin may take 
longer 
to go 
low and may never 
reach the VOL specification. 
7. Execution 
will take at least 8 states, 
even for 0 shift. 
8. State times 
shown 
for 16-bit bus. 
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STATUS: 


0=1./0 
CURRENTLY 
IDLE 


1 = CONVERSION 
IN PROCESS 
x 


X 


1./0 
RESULT: 


LEAST 
SIGNIFICANT 
2 
BITS 


HSI.O 
1o40DE 


HSI.l 
1o40DE 


HSI.2 
1o40DE 


HSI.3 
1o40DE 


WHERE 
EACH 
2 - 
BIT 
1o40DE CONTROL 
FIELD 


DEFINES 
ONE 
OF 
4 
POSSIBLE 
1040DES: 


00 
B POSITIVE 
TRANSITIONS 


01 
EACH 
POSITIVE 
TRANSITION 


10 
EACH 
NEGATIVE 
TRANSITION 


I I 
EVERY 
TRANSITION 


(POSITIVE 
AND 
NEGATIVE) 


CHANNEL: 


0-5 
HSO.O 
- 
HSO.5 


BIT: 
0 
] 
6 
HSO.O 
AND 
HSO.l 


7 
HSO.2 
AND 
HSO.3 


S-B 
SOFTWARE 
Tllo4ERS 


2 
E 
RESET 
Tllo4ER2 


3 
F 
START 
1./0 
CONVERSION 


4 
INTERRUPT 
/ 
NO 
INTERRUPT 


SET /CLEAR 


Tllo4ER 2/Tllo4ER 
1 


7 
X 


HSI.O 
STATUS 


HSl.l 
STATUS 


HSI.2 
STATUS 


HSI.3 
STATUS 


WHERE 
FOR 
EACH 
2- 
BIT STATUS 
FIELD 
THE 
LOWER 
SIT 
INDICATES 
WHETHER 
OR 
NOT 
AN 
EVENT 
HAS 


OCCUR ED ON 
THIS 
PIN 
AND 
THE 
UPPER 
BIT 
INDiCATES 


THE 
CURRENT 
STATUS 
OF THE 
PIN. 


~) 


CHANNEL * SELECTS 
WHICH 
OF' THE 
8 


1 
ANALOG 
INPUT 
CHANNELS 
IS TO BE 
CONVERTED TO DIGITAL FORN. 


: 
GO INDICATES 
WHEN 
THE 
CONVERSION 
1$ TO 


BE INITIATED (GO = 1 •••EANS 
START 
NOW, 


GO = 0 
WEANS 
THE 
CONVERSION 
IS TO BE 


INiTIATED BY THE HSO UNIT AT A SPECIFIED TINE). 
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BIT!. 
BITO SPECIFY THE NODE 


OO=NODE 
0 
10=NODE 
2 
01 = r..lOOE 1 
11 = WODE 
3 


PEN 
ENABLE 
THE 
PARITY 
FUNCTION 


REN 
EHABlES 
THE 
RECEIVE 
fUNCTION 


TBS 
PROGRANS 
THE 9TH DATA BIT 


11 
IS THE TRANSMIT 
INTERRUPT 
FLAG 


RI 
IS THE RECEIVE 
INTERRUPT 
fLAG 


RBS 
IS THE 
9TH 
DATA 
RECEIVED 
(IF 
NOT PARITY) 


RPE 
IS THE PARITY ERROR INDICATOR 
(IF PARITY ACTIVE) 


Using 
XTAL1: 


Mod 
Baud _ XTAL1 frequency. 


eO: 
Rate 
- 
4-(8 
+ 1) 
,8-=1=0 


Others" 
Saud = XTAL 
1 frequency 


. Ral. 
64' 
(B + 1) 
Ualng T2CLK: 


Mode 
0: 
~~~: 
= T2CLK 
f;QUenCy 
; 8 
-=1= 0 


Oth ••.• : 
~~~: 
= T2CLK 
1:::uency; 
B 
-=1= 0 


RESERVED 
(Set 
to 
1 for 
compatibility 
wIth 
future 
ports) 


BUS 
WIOTli 
SELECT 
(16-BIT 
SUS/S-BIT 
BUS) 


WRITE 
STROBE 
tr.40DE SELECT 
(WIl 
AND I!H£ / i'IJl[ 
AND WRR) 


ADDRESS 
VALID 
STROBE 
SELECT 


(ALE/ADV) 


(IRCO) 
}'NTERNAL 
READY CONTROL 


(IRC') 
NODE 


(LOCO) } 
(LOC1) 
PROGRAN 
LOCK NODE 
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HSI.O 
INPUT 
ENABLE 
/ 
DISABLE 


TIMER 
2 
RESET EACH 
WRITE 


HSI.l 
INPUT 
ENABLE 
/ 
DISABLE 


TIMER 
2 
EXTERNAL 
RESET 
ENABLE 
/ 
DISABLE 


HSI.2 
INPUT 
ENABLE 
/ 
DISABLE 


TIMER 
2 RESET SOURCE 
HSI.O / 
T2RST 


HSI.3 
INPUT 
ENABLE 
/ 
DISABLE 


TIMER 
2 CLOCK 
SOURCE 
HSI.l 
/ 
T2CLK 


270090-30 


T2RST ---<> •_. IOCO.5 
I~ 
J:J-----T2 
RESET 
~. 
• _. 
IOCO.3 


• _. 
IOCO.O 


HSI.O 
~--------HSI 


• _. 
IOCO.2 
r<'"'-o-------HSI 


HSI.l 
~--------TIMER2 


T2CLK ---<> : _. IOCO.7 
CLOCK 


• _. 
IOCO.4 


HSI.2 ---<>"'-o--------HSI 


• -. 
IOCO.6 


HSI.3 ---<>"'-o--------HSI 
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HSO.O 
CURRENT 
STATE 


HSO.l 
CURRENT 
STATE 


HSO.2 
CURRENT 
STATE 


HSO.3 
CURRENT 
STATE 


HSO.4 
CURRENT 
STATE 


HSO.5 
CURRENT 
STATE 


CAM QB HOLDING 
REGISTER 
IS FULL 


HSO 
HOLDING 
REGISTER 
IS FULL 
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SELECT 
PWM / 
SELECT 
P2.5 


EXTERNAL 
INTERRUPT 
ACH7 / 
EXTINT 


TIMER 
1 OVERFLOW 
INTERRUPT 
ENABLE 
/ 
DISABLE 


TIMER 
2 OVERFLOW 
INTERRUPT 
ENABLE 
/ 
DISABLE 


HSO.4 
OUTPUT 
ENABLE / 
DISABLE 


SELECT 
TXD / 
SELECT 
P2.0 


HSO.5 
OUTPUT 
ENABLE / 
DISABLE 


HSI 
INTERRUPT 
FIFO FU LL / 
-HO-L-D-'N-G-R-E-G-'S-T-ER-LO-A-D-E-D 


Vector Location 
Vector 
(High 
(Low 
Priority 


Byte) 
Byte) 


Software 
2011 H 
2010H 
Not Applicable 
Extint 
200FH 
200EH 
7 (Highest) 
Serial Port 
200DH 
200CH 
6 
Software 
200BH 
200AH 
5 
Timers 
HSI.O 
2009H 
2008H 
4 
High Speed 
2007H 
2006H 
3 
Outputs 
HSI Data 
2005H 
2004H 
2 
Available 
AID Conversion 
2003H 
2002H 
1 
Complete 
Timer' Overflow 
2001H 
2000H 
o (Lowest) 


1051 (16H) 


0 
SOFTWARE 
TIMER 
0 
EXPIRED 


SOFTWARE 
TIMER 
1 EXPIRED 


2 
SOFTWARE 
TIMER 
2 EXPIRED 


3 
SOFTWARE 
TIMER 
3 EXPIRED 


4 
TIMER 
2 
HAS 
OVERFLOW 


5 
TIMER 
1 HAS 
OVERFLOW 


6 
HSI 
FIFO 
IS FULL 


7 
HSI 
HOLDING 
REGISTER 
DATA AVAILABLE 
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ELECTRICAL 
CHARACTERISTICS 


ABSOLUTE 
MAXIMUM 
RATINGS· 


Ambient 
Temperature 
Under 
Bias 
.... 
O·C to 
+ 70·C 


Storage 
Temperature 
- 40·C 
to 
+ 150·C 


Voltage 
from 
EA 
or Vpp 


to VSSorANGND 
-0.3Vto 
+13.0V 


Voltage 
from 
Any 
Other 
Pin to 
VssorANGND 
-0.3Vto 
+7.0V· 


Average 
Output 
Current 
from 
Any 
Pin 
10 mA 


Power 
Dissipation 
..............•........... 
1 .5W 


'This 
includes 
Vpp on ROM and CPU only devices. 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Mln 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias 
0 
+70 
C 


Vee 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog 
Supply Voltage 
4.50 
5.50 
V 


fose 
Oscillator 
Frequency 
6.0 
12 
MHz 


VPD 
Power-Down 
Supply Voltage 
4.50 
5.50 
V 


NOTE: 
ANGND 
and Vss 
should 
be nominally 
at the same potential. 


D.C. CHARACTERISTICS 
(Test 
Conditions: 
Vcc, 
VREF, 
VPD, VPP. VEA = 5.0V 
± 0.5V; 
Fosc 
= 


6.0 
MHz; 
T A = O·C to 70'C; 
VSS. ANGND 
= OV) 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


Ice 
Vee Supply Current 
(O·C s; TA s; 70·C) 
240 
mA 
All Outputs 


lee1 
Vce Supply Current 
(TA = 70·C) 
185 
mA 
Disconnected. 


Ipo 
Vpo Supply Current 
1 
mA 
Normal 
operation 
and Power-Down. 


IREF 
VREF Supply Current 
8 
mA 


VIL 
Input Low Voltage 
(Except 
RESET) 
-0.3 
+0.8 
V 


VIL1 
Input Low Voltage, 
RESET 
-0.3 
+0.7 
V 


VIH 
Input High Voltage 
(Except 
RESET, NMI, XTAL 1) 
2.0 
Vee 
+0.5 
V 


VIH1 
Input High Voltage, 
RESET Rising 
2.4 
Vee 
+0.5 
V 


VIH2 
Input High Voltage, 
RESET Falling Hysteresis 
2.1 
Vce 
+0.5 
V 


VIH3 
Input High Voltage, 
NMI, XT AL 1 
2.2 
Vee 
+0.5 
V 


Iu 
Input Leakage 
Current 
to each pin of HSI, P3, P4. and to P2.1. 
±10 
fJ-A 
Vin = OtoVee 


IU1 
D.C. Input Leakage 
Current to each pin of PO 
+3 
)-LA 
Vin = OtoVce 


IIH 
Input High Current to EA 
100 
)-LA 
VIH = 2.4V 


IlL 
Input Low Current to each pin of Pl, 
-125 
)-LA 
VIL = 0.45V 
and to P2.6, P2.7. 


IIL1 
Input Low Current to RESET 
-0.25 
-2 
mA 
VIL = 0.45V 


11L2 
Input Low Current 
P2.2, P2.3, P2.4, READY, 
BUSWIDTH 
-50 
)-LA 
VIL = 0.45V 


VOL 
Output 
Low Voltage 
on Quasi-Bidirectional 
0.45 
V 
IOL = 0.8mA 
port pins and P3, P4 when used as ports 
(Note 1) 


VOL1 
Output 
Low Voltage 
on Quasi-Bidirectional 
0.75 
V 
IOL = 2.0 mA 
port pins and P3, P4 when used as ports 
(Notes 
1, 2, 3) 


VOL2 
Output 
Low Voltage 
on Standard 
Output 
0.45 
V 
IOL = 2.0mA 
pins, RESET and Bus/Control 
Pins 
(Notes 
1, 2, 3, 4) 
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Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


VOH 
Output High Voltage on Quasi-Bidirectional 
2.4 
V 
IOH= -20 J.LA 
pins 
(Note 1) 


VOHl 
Output High Voltage on Standard Output 
2.4 
V 
IOH= -200 
J.LA 
pins and Bus/Control pins 
(Note 1) 


IOH3 
Output High Current on RESET 
-50 
J.LA 
VOH= 2.4V 


Cs 
PinCapacitance (Any Pin to Vss) 
10 
pF 
fTEST = 1.0 MHz 


NOTES: 
1. Quasi-bidirectional pins include those on Pl, for P2.6 and P2.7. Standard Output Pins include TXD, RXD (Mode 0 only), 
PWM. and HSO pins. Bus/Control pins include CLKOUT, ALE, BHE, RD, WR. INST and ADO-15. 
2. Maximum current per pin must be externally limited to the following values if VOLis held above 0.45V. 
IOLon quasi-bidirectional pins and Ports 3 and 4 when used as ports: 4.0 mA 
IOLon standard output pins and RESET: 8.0 mA 
IOLon Bus/Control pins: 2.0 mA 


3.During normal (non-transient) operation the following limits apply: 
TotaiiOL on Port 1 must not exceed 8.0 mA. 
TotaiiOL on P2.0, P2.6, RESET and all HSO pins must not exceed 15 mA. 
TotaiiOL on Port 3 must not exceed 10 mA. 
TotaiiOL on P2.5. P2.7, and Port 4 must not exceed 20 mA. 


4. IOLon HSO.X (X = 0, 4, 5) = 1.6 mA @ 0.5V. 


A.C. CHARACTERISTICS 
VCC. VPD = 4.5 to 5.5V; TA = O°C to 70°C; fOSC = 6.0 to 12.0 MHz 
Test Conditions: 
Load Capacitance 
on Output 
Pins = 80 pF 


Oscillator 
Frequency 
= 10 MHz 


Symbol 
Parameter 
Min 
Max 
Units 


TCLYX(4) 
READY Hold after CLKOUT 
Edge 
0(1) 
ns 


hLYV 
End of ALE/ ADV to READY Valid 
2Tosc-70 
ns 


TLLYH 
End of ALE/ ADV to READY High 
2Tosc+40 
4Tosc-80 
ns 


TYLYH 
Non-Ready 
Time 
1000 
ns 


TAVDV(6) 
Address 
Valid to Input Data Valid 
5Tosc-120 
ns 


TRLDV 
RD Active to Input Data Valid 
3Tosc-100 
ns 


TRHDX 
Data Hold after RD Inactive 
0 
ns 


TRHDZ 
RD Inactive to Input Data Float 
0 
Tosc-25 
ns 


TAVGV(4)(6) 
Address 
Valid to BUSWIDTH 
Valid 
2 Tosc 
-125 
ns 


TLLGX(4) 
BUSWIDTH 
Hold after ALE/ ADV Low 
Tosc 
+40 
ns 


TLLGV(4) 
ALE/ ADV Low to BUSWIDTH 
Valid 
Tosc 
-75 
ns 


NOTES: 
1. If the 48-pin part is being used then this timing can be generated by assuming that the CLKOUT falling edge has occurred 
at 2Tosc+ 55 (TLLCH(max) + TCHCL(max)) after the falling edge of ALE. 
4. Pins not bonded out on 48-pin parts. 
6. The term "Address Valid" applies to ADO-15, BHE and INST. 
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Symbol 
Parameter 
Min 
Max 
Units 


FXTAL 
Oscillator 
Frequency 
6.0 
12.0 
MHz 


Tosc 
Oscillator 
Period 
83 
166 
ns 


TOHCH 
XTAL 1 Rising Edge to Clockout 
Rising Edge 
0(4) 
120(4) 
ns 


TCHCH(4) 
CLKOUT 
Period(3) 
3Tosc(3) 
3Tosc(3) 
ns 


TCHCL(4) 
CLKOUT 
High Time 
Tosc-35 
Tosc+ 
10 
ns 


TCLLH(4) 
CLKOUT 
Low to ALE High 
-20 
+25 
ns 


TLLCH(4) 
ALE/ ADV Low to CLKOUT 
High 
Tose-25 
Tosc+45 
ns 


TLHLL 
ALE/ ADV High Time 
Tosc-30 
Tosc+35(5) 
ns 


TAVLL(6) 
Address 
Setup to End of ALE/ ADV 
Tosc-50 
ns 


TRLAZ(7) 
RD or WR Low to Address 
Float 
25 
ns 


TLLRL 
End of ALE/ ADV to RD or WR Active 
Tosc-40 
ns 


TLLAX(7) 
Address 
Hold after End of ALE/ ADV 
Tosc-40 
ns 


TWLWH 
WR Pulse Width 
3Tosc-35 
ns 


TQVWH 
Output Data Valid to End of WR/WRL/WRH 
3Tose-60 
ns 


TWHQX 
Output Data Hold after WR/WRLlWRH 
Tosc-50 
ns 


TWHLH 
End of WR/WRL/WRH 
to ALE/ ADV High 
Tosc-75 
ns 


TRLRH 
RD Pulse Width 
3Tosc-30 
ns 


TRHLH 
End of RD to ALE/ ADV High 
Tosc-45 
ns 


TCLLL(4) 
CLOCKOUT 
Low to ALE/ ADV Low 
Tosc-40 
Tosc+35 
ns 


TRHBX(4) 
RD High to fNST, SHE, AD8-15 Inactive 
Tosc-25 
Tosc+30 
ns 


TWHBX(4) 
WR High to INST, SHE, AD8-15 
Inactive 
Tosc-50 
Tosc+ 
100 
ns 


THLHH 
WRL, WRH Low to WRL, WRH High 
2Tosc-35 
2Tosc+40 
ns 


TLLHL 
ALE/ ADV Low to WRL, WRH Low 
2Tosc-30 
2Tosc+55 
ns 


TQVHL 
Output Data Valid to WRL, WRH Low 
Tosc-60 
ns 


NOTES: 
2. If more than one wait state is desired, add 3Tosc for each additional wait state. 
3. CLKOUT is directly generated as a divide by 3 of the oscillator. The period will be 3Tosc ± 10 ns if Tosc is constant and 
the rise and fall times on XTAL1 are less than 10 ns. 
4. Pins not bonded out on 48-pin parts. 
5. Max spec applies only to ALE. Min spec applies to both ALE and ADV. 
6. The term "Address Valid" applies to ADO-15, BHE and INST. 
7. The term" 
Address" in this definition applies to ADO-7 for 8-bit cycles, and ADO-15 for 16-bit cycles. 
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DATA 
OUT 


TQVWH ---1 


VALID 


TWLWH 


VALID 


NOTES: 
(1) 8-bit bus only. 
(2) 8·bit bus; or when write strobe 
mode selected. 
(3) When 
ADV selected. 
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Symbol 
Parameter 
Min 
Max 
Units 


TXLXL 
Serial Port Clock Period 
8TosC 
ns 


TXLXH 
Serial Port Clock Falling Edge to Rising Edge 
4Tosc 
- 
50 
4Tosc 
+ 50 
ns 


TQVXH 
Output Data Setup to Clock Rising Edge 
3Tosc 
ns 


TXHQX 
Output Data Hold After Clock Rising Edge 
2TOSC - 
50 
ns 


TXHQV 
Next Output Data Valid After Clock Rising Edge 
2TOSC +50 
ns 


TDVXH 
Input Data Setup to Clock Rising Edge 
2Tosc 
+200 
ns 


TXHDX 
Input Data Hold After Clock Rising Edge 
0 
ns 


TXHQZ 
Last Clock Rising to Output Float 
5Tosc 
ns 


r-TXLXL -j 


TXD---lS 
_eelS _eelS _eelS _eelS _eelS _eelS _eelS 


TOVXH--j r- 
TXLXH-l r 
TXHOVI---j 
-l 
r- 
TXHOX 
TXHOZ--I I 


(O~;)~ 
X 
2 
X 
3 
X 
4 
X 
5 
X--6--X 
7 
>- 


TDVXH--j I- 
-..j 
r-TXHDX 


VALID 
VALID 
VALID 
VALID 
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Symbol 
Parameter 
Min 
Max 
Units 


1/TOLOl 
Oscillator 
Frequency 
6 
12 
MHz 


TOHOX 
High Time 
25 
ns 


TOlOX 
Low Time 
25 
ns 


TOlOH 
Rise Time 
15 
ns 


TOHOl 
Fall Time 
15 
ns 


2.4=x 2.0> 
TESTPOINTS< 2.0>e= 


0.45 
0.8 
0.8 
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A.C. Testing inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0". Timing measurements are made at 2.0V for a 
Logic "1" and 0.8V for a Logic "0". 


VlOAO+0.15V 
VOH-0.15V 


VLOAO 
TIMING REF'ERENCE<: 


--- 
POINTS 
VLOAO-0.15 V 
VOL+0.15 V 
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For Timing Purposes a Port Pin is no Longer Floating when a 100 
mV change from Load Voltage Occurs, and Begins to Float when 
a 100 mV change from the Loaded VOHIVOl Level occurs lOll 
IOH;;' ±15 mA. 


AID 
Converter operation is verified only on the 


8097BH, 
8397BH, 
8095BH. 
8395BH, 
8797BH. 


8795BH. 


The absolute conversion accuracy is dependent on 
the accuracy of VREF.The specifications given be- 
low assume adherence to the Operating Conditions 
section of these data sheets. Testing is done at 
VREF = 5.120V. 


OPERATING 
CONDITIONS 


Vcc. VPD.VREF 
4.5V to 5.5V 


Vss. ANGND 
O.OV 


TA 
O·Cto 70'C 


Fosc 
6.0 to 12.0 MHz 


Test Conditions: 
VREF 
5.120V 


Parameter 
Typlcal"(ll 
Minimum 
Maximum 
Units"" 
Notes 


Resolution 
1024 
1024 
Levels 


10 
10 
Bits 


Absolute Error 
0 
±4 
LSBs 


Full Scale Error 
-0.5 
±0.5 
LSBs 


Zero Offset Error 
±0.5 
LSBs 


Non-Linearity 
0 
±4 
LSBs 


Differential Non-Linearity 
0 
±2 
LSBs 


Channel-to-Channel Matching 
0 
±1 
LSBs 


Repeatability 
±0.25 
LSBs 
1 


Temperature Coefficients: 
Offset 
0.009 
LSBrC 
1 
Full Scale 
0.009 
LSBrC 
1 
Differential Non-Linearity 
0.009 
LSBrC 
1 


Off Isolation 
-60 
dB 
1.2,4 


Feedthrough 
-60 
dB 
1,2 


Vcc Power Supply Rejection 
-60 
dB 
1,2 


Input Resistance 
1K 
5K 
n 
1 


D.C. Input Leakage 
0 
3.0 
p.A 


Sample Delay 
3Tosc - 50 
3Tosc + 50 
ns 
1,3 


Sample Time 
12Tosc - 50 
12Tosc + 50 
ns 
1 


Sampling Capacitor 
2 
pF 


NOTES: 
• These 
values 
are expected 
for most parts at 25'C . 
•• An "LSB", 
as used here, is defined 
in the glossary 
which 
follows 
and has a value 
of approximately 
5 mY. 


1. These 
values 
are not tested 
in production 
and are based 
on theoretical 
estimates 
and laboratory 
tests. 
2. DC to 100 KHz. 
3. For starting 
the AID 
with an HSO Command. 
4. Multiplexer 
Break-Before-Make 
Guaranteed. 


ABSOLUTE 
ERROR-The 
maximum 
difference 
be- 


tween 
corresponding 
actual 
and 
ideal 
code 
tran- 


sitions. 
Absolute 
Error accounts 
for all deviations 
of 


an actual converter 
from an ideal converter. 


ACTUAL 
CHARAcTERISTIC-The 
characteristic 


of an actual converter. 
The characteristic 
of a given 


converter 
may vary over 
temperature, 
supply 
volt- 


age, and frequency 
conditions. 
An actual character- 


istic rarely has ideal first and last transition 
locations 


or ideal code widths. 
It may even vary over multiple 


conversions 
under the same conditions. 


BREAK-BEFORE-MAKE- 
The 
property 
of a multi- 


plexer 
which 
guarantees 
that a previously 
selected 


channel 
will be deselected 
before 
a new channel 
is 


selected. 
(e.g. the converter 
will not short inputs to- 


gether.) 


CHANNEL-TO-CHANNEL 
MATCHING-The 
differ- 


ence between 
corresponding 
code transitions 
of ac- 
tual characteristics 
taken from different 
channels 
un· 
der the 
same 
temperature, 
voltage 
and 
frequency 


conditions. 


CHARACTERISTIC-A 
graph 
of input voltage 
ver- 


sus the resultant 
output 
code for an AID 
converter. 


It describes 
the transfer 
function 
of the AID 
convert- 


er. 


CODE-The 
digital value output 
by the converter. 


CODE CENTER-The 
voltage 
corresponding 
to the 


midpoint 
between 
two adjacent 
code transitions. 


CODE 
TRANSITION-The 
point 
at which 
the con- 


verter 
changes 
from an output code of Q, to a code 


of Q + 1. The input voltage 
corresponding 
to a code 


transition 
is defined 
to 
be 
that 
voltage 
which 
is 


equally 
likely 
to 
produce 
either 
of 
two 
adjacent 


codes. 


CODE 
WIDTH-The 
voltage 
corresponding 
to the 


difference 
between 
two adjacent 
code transitions. 


D.C. INPUT 
LEAKAGE-Leakage 
current 
to ground 


from an analog 
input pin. 


DIFFERENTIAL 
NON·L1NEARITY- 
The 
difference 


between 
the ideal and actual code widths 
of the ter- 


minal based characteristic. 


FEEDTHROUGH-Attenuation 
of a voltage 
applied 


on the selected 
channel 
of the AID 
Converter 
after 


the sample 
window 
closes. 


FULL SCALE 
ERROR-The 
difference 
between 
the 


expected 
and actual 
input voltage 
corresponding 
to 


the full scale code transition. 


IDEAL 
CHARACTERISTIC-A 
characteristic 
with 


its first 
code 
transition 
at VIN = 0.5 LSB, 
its last 


code transition 
at VIN = (VREF - 
1.5 LSB) and all 


code widths 
equal to one LSB. 


INPUT 
RESISTANCE-The 
effective 
series 
resist- 


ance from the analog input pin to the sample capaci- 
tor. 


LSB-Least 
Significant 
Bit: 
The 
voltage 
corre- 


sponding 
to 
the 
full 
scale 
voltage 
divided 
by 2n, 


where 
n is the 
number 
of bits of resolution 
of the 


converter. 
For a 10-bit 
converter 
with 
a reference 


voltage 
of 5.12V, one LSB is 5.0 mY. Note that this 


is different 
than digital LSBs, since an uncertainty 
of 


two LSB, when referring 
to an AID 
converter, 
equals 


10 mY. (This has been confused 
with an uncertainty 


of two digital bits, which would 
mean four counts, 
or 


20 mV.) 


MONOTONIC-The 
property 
of successive 
approxi- 


mation 
converters 
which guarantees 
that increasing 


input voltages 
produce 
adjacent 
codes of increasing 


value, 
and that 
decreasing 
input voltages 
produce 


adjacent 
codes 
of decreasing 
value. 


NO MISSED 
CODES-For 
each 
and 
every 
output 


code, 
there 
exists 
a 
unique 
input 
voltage 
range 


which 
produces 
that code only. 


NON-L1NEARITY- 
The maximum 
deviation 
of code 


transitions 
of the terminal-based 
characteristic 
from 


the corresponding 
code transitions 
of the ideal char- 


acteristic. 


OFF-ISOLATION-Attenuation 
of a voltage applied 


on a deselected channel of the AID converter. (Also 
referred to as Crosstalk.) 


REPEATABILITY-The 
difference between corre- 


sponding code transitions from different actual char- 
acteristics taken from the same converter on the 
same channel at the same temperature, voltage and 
frequency conditions. 


RESOLUTION-The 
number of input voltage levels 


that the converter can unambiguously distinguish 
between. Also defines the number of useful bits of 
information which the converter can return. 


SAMPLE DELAY-The 
delay from receiving the 


start conversion signal to when the sample window 
opens. 


SAMPLE DELAY UNCERTAINTY-The 
variation in 


the sample delay. 


SAMPLE TIME-The 
time that the sample window 


is open. 


SAMPLE TIME UNCERTAINTY-The 
variation in 


the sample time. 


SAMPLE WINDOW-Begins 
when the sample ca- 


pacitor is attached to a selected channel and ends 
when the sample capacitor is disconnected from the 
selected channel. 


SUCCESSIVE APPROXIMATION-An 
AID conver- 


sion method which uses a binary search to arrive at 
the best digital representation of an analog input. 


TEMPERATURE COEFFICIENTs--Ghange in the 
stated variable per degree centigrade temperature 
change. Temperature coefficients are added to the 
typical values of a specification to see the effect of 
temperature drift. 


TERMINAL BASED CHARACTERISTIC-An 
actual 


characteristic which has been rotated and translated 
to remove zero offset and full scale error. 


Vcc REJECTION-Attenuation 
of noise on the Vcc 


line to the AID converter. 


ZERO OFFSET-The 
difference between the ex- 


pected and actual input voltage corresponding to 
the first code transition. 


The 879XBH 
contains 
8K bytes of ultraviolet 
Erasea- 
ble and Electrically 
Programmable 
Read Only Mem- 


ory (EPROM) 
for internal 
storage. 
This memory 
can 


be programmed 
in a variety 
of ways-including 
at 


run-time 
under software 
control. 


The 
EPROM 
is 
mapped 
into 
memory 
locations 


2000H through 
3FFFH if EA is a TIL 
high. However, 
applying + 12.75V to EA when the chip is reset will 
place 
the 879XBH 
in EPROM 
Programming 
Mode. 


The 
Programming 
Mode 
has been 
implemented 
to 


support 
EPROM 
programming 
and verification. 


When 
an 879XBH 
is in Programming 
Mode, special 


hardware 
functions 
are available 
to the user. These 


functions 
include 
algorithms 
for 
slave, 
gang 
and 


auto EPROM 
programming. 


Programming 
the 879XBH 


Three 
flexible 
EPROM 
programming 
modes 
are 


available 
on the 879XBH-auto, 
slave and run-time. 


These modes can be used to program 
879XBHs 
in a 


gang, stand alone or run-time 
environment. 


The Auto Programming 
Mode enables an 879XBH to 


program 
itself, and up to 15 other 879XBHs, 
with the 


8K bytes of code beginning 
at address 
4000H on its 
external 
bus. The Slave 
Mode 
provides 
a standard 


interface 
that enables 
any number of 879XBHs 
to be 


programmed 
by a master device such as an EPROM 


programmer. 
The Run-Time 
Mode allows 
individual 


EPROM locations 
to be programmed 
at run-time 
un- 
der complete 
software 
control. 


In the Programming 
Mode, some I/O pins have been 


renamed. 
These 
new pin functions 
are used to de- 
termine 
the programming 
function 
that is performed, 
provide 
programming 
ALEs, 
provide 
slave 
ID num- 


bers 
and 
pass 
error 
information. 
Figl,lre 
19 shows 


how the pins are renamed. 
Figure 20 describes 
each 


new pin function. 


While 
in Programming 
Mode, 
PMODE 
selects 
the 


programming 
function 
that is performed 
(see Figure 


18). When not in the Programming 
Mode, Run-Time 


programming 
can be done at any time. 


PMODE 
Programming 
Mode 


0-4 
Reserved 


5 
Slave Programming 


6-0BH 
Reserved 


OCH 
Auto Programming 
Mode 


ODH 
Program Configuration 
Byte 


OEH-OFH 
Reserved 


To guarantee 
proper 
execution, 
the pins of PMODE 


and SID must 
be in their 
desired 
state 
before 
the 


RESET 
pin is allowed 
to rise 
and 
reset 
the 
part. 


Once the part is reset, it is in the selected 
mode and 


should 
not be switched 
to another 
mode without 
a 


new reset sequence. 


When 
EA selects 
the Programming 
Mode, the chip 


reset 
sequence 
loads 
the CCR from 
the 
Program- 


ming 
Chip 
Configuration 
Byte 
(PCCB). 
This 
is a 


separate 
EPROM 
location 
that is not mapped 
under 


normal operation. 
PCCR is only important 
when pro- 


gramming 
in the 
Auto 
Programming 
Mode. 
In this 


mode, 
the 879XBH 
that is being 
programmed 
gets 


the data to be programmed 
from 
external 
memory 


over the system bus. Therefore, 
PCCR must correct- 


ly correspond 
to the memory system 
in the program- 


ming setup, which is not necessarily 
the memory 
or- 


ganization 
of the application. 


The following 
sections 
describe 
879XBH 
program- 


ming in each programming 
mode. 


SELECTS 


PROGRAMMING 


MODE 
EA 
ADDRESS 
COMMAND DATA PATH 


PO.7 
PO.6 
PACT 
PO.S 
P2.1 
PALE 
PO.4 


P2.2 
PROG 
HSI.o 


SID 
HSI.l 
P2.D 
PVER /SALE 
HSI.2 
HSI.3 
P2.S 
PDO /SPROG 


879XBH 
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Name 
Function 


PMODE 
Programming 
Mode Select. Determines 
the EPROM programming 
algorithm 
that is 
performed. 
PMODE is sampled 
after a chip reset and should be static while the part 
is operating. 


SID 
Slave ID Number. Used to assign each slave a pin of Port 3 or 4 to use for passing 
programming 
verification 
acknowledgement. 
For example, 
if gang programming 
in 
the Slave Programming 
Mode, the slave with SID = 0001 will use Port 3.1 to signal 
correct 
or incorrect 
program verification. 


PALE 
Programming 
ALE input. Accepted 
by an 879XBH that is in the Slave Programming 
Mode. Used to indicate that Ports 3 and 4 contain a command/address. 


PROG 
Programming 
Pulse. Accepted 
by an 879XBH that is in the Slave Programming 
Mode. Used to indicate that Ports 3 and 4 contain the data to be programmed. 
A 
falling edge on PROG signifies data valid and starts the programming 
cycle. A rising 
edge on PROG will halt programming 
in the slaves. 


PACT 
Programming 
Active. 
Used in the Auto Programming 
Mode to indicate when 
programming 
activity is complete. 


PVER 
Program Verified. A signal output after a programming 
operation 
by parts in the Slave 
Programming 
Mode. 


PD~ 
Programming 
Duration Overflowed. 
A signal output by parts in the Slave 
Programming 
Mode. Used to signify that the PROG pulse applied for a programming 
operation 
was longer than allowed. 


SALE 
Slave ALE. Output signal from an 879XBH 
in the Auto Programming 
Mode. A falling 
edge on SALE indicates 
that Ports 3 and 4 contain valid address/command 
information 
for slave 879XBHs 
that may be attached 
to the master. 


SPROG 
Slave Programming 
Pulse. Output from an 879XBH 
in the Auto Programming 
Mode. 
A falling edge on SPROG indicates 
that Ports 3 and 4 contain valid data for 
programming 
into slave 879XBHs 
that may be attached 
to the master. 


PORTS 3 and4 
Address/Command/Data 
Bus. Used to pass commands, 
addresses 
and data to and 
from slave mode 879XBHs. 
Used by chips in the Auto Programming 
Mode to pass 
command, 
addresses 
and data to slaves. Also used in the Auto Programming 
Mode 
as a regular system bus to access external 
memory. Should have pullups to 
Vcc (15 Kfi). 


The Auto Programming Mode provides the ability to 
program the internal 879XBH EPROM without hav- 
ing to use a special EPROM programmer. In this 
mode, the 879XBH simply programs itself with the 
data found at external locations 4000H through 
5FFFH. All that is required is that some sort of exter- 
nal memory reside at these locations, that EA se- 
lects the Programming Mode and that Vpp is ap- 
plied. Figure 21 shows a minimum configuration for 
using an 8K x 8 EPROMto program one 879XBH in 
the Auto Programming Mode. 


The 879XBH first reads a word from external memo- 
ry, then the Modified Quick-Pulse Programming™ 
Algorithm (described later) is used to program the 
appropriate EPROM location. Since the erased state 
of a byte is OFFH,the Auto Programming Mode will 
skip locations where the data to be programmed is 
OFFH. When all 8K has been programmed, PACT 
goes high and the part outputs a 0 on Port 2.0 if it 
programmed correctly and a 1 if it failed. 


Gang Programming 
with the 


Auto Programming 
Mode 


An 879XBH in the Auto Programming Mode can also 
be used as a programmer for up to 
15 other 


879XBHs that are configured in the Slave Program- 


VSS 1 
VSS2 
AGND 
NMI 
8796BH 
OR 
8797BH 


XTAL 1 


XTAL 2 


BUSWIDTH 


NOTE: 
Ports 3 and 4 should 
have pullups 
to Vcc 


ming Mode. To accomplish this, the 879XBH acting 
as the master outputs the slave command/data 
pairs on Ports 3 and 4 necessary to program slave 
parts with the same data it is programming itself 
with. Slave ALE (SALE) and Slave PROG (SPROG) 
signals are provided by the master to the slaves to 
demultiplex the commands from the data. Figure 22 
is a block diagram of a gang programming system 
using one 879XBH in the Auto Programming Mode. 
The Slave Programming Mode is described in the 
next section. 


The master 879XBH first reads a word from the ex- 
ternal memory controlled by ALE, RD and WR. It 
then drives Ports 3 and 4 with a Data Program com- 
mand using the appropriate address and alerts the 
slaves with a falling edge on SALE. Next, the data to 
be programmed is driven onto Ports 3 and 4 and 
slave programming begins with a falling edge on 
SPROG. At the same time, the master begins to pro- 
gram its own EPROM location with the data read in. 
Intel's Modified Quick-Pulse Programming™ Algo- 
rithm is used, with Data Verify commands being giv- 
en to the slaves after each programming pulse. 


When programming is complete, PACT goes high 
and Ports 3 and 4 are driven with all 1s if all parts 
programmed correctly. Individual bits of Port 3 and 4 
will be driven to 0 if the slave with that bit number as 
an SID did not program correctly. The 879XBH used 
as the master assigns itself an SID of O. 


inter 


EA 
VPP 
BUSWIDTH 


VCC 
VREF 
VPD 


VSS 1 
VSS2 
AGND 
Nt.ll 


8796BH 
OR 
8797BH 


XTAL 1 


PO.7 
PO.6 
PO.5 
PO.4 


PORTS "'I" 
-'0 
3,4 
: g: 
"'I" PORTS 
-'0 
« Q: 
3,4 
"-"- 


NOTE: 
EA and Vpp on slaves 
must be at + 12.75 Vdc. Each slave's 
PMODE 
must equal 05H. Ports 3 and 4 should 
have pullups 
to Vcc· 
Minimum 
configuration 
connections 
must 
also 
be made 
for slaves. 
A 10 MHz clock 
is recommended 
for the 
slaves. 


intJ 


Any number of 879XBHs can be programmed by a 
master programmer through the Slave Programming 
Mode. 


The programming device uses Ports 3 and 4 of the 
parts being programmed as a command/data path. 
The slaves accept signals on PALE (Program ALE) 
and PROG (Program Enable) to demultiplex the 
commands and data. The slaves also use PVER, 
PD~ and Ports 3 and 4 to pass error information to 
the programmer. Support for gang programming of 
up to 16 879XBHs is provided. If each part is given a 
unique SID (Slave 10 Number) an 879XBH in the 
Auto Programming Mode can be used as a master to 
program itself and up to 15 other slave 879XBHs. 
There is, however, no 879XBH dependent limit to 
the number of parts that can be gang programmed 
in the slave mode. 


It is important to note that the interface to an 
879XBH in the slave mode is similar to a multiplexed 
bus. Attempting to issue consecutive PALE pulses 
without a corresponding PROG pulse will produce 
unexpected results. Similarly, issuing consecutive 
PROG pulses without the corresponding PALE puls- 
es immediately preceding is equally unpredictable. 


Slave Programming 
Commands 


The commands sent to the slaves are 16-bits wide 
and contain two fields. Bits 14 and 15 specify the 
action that the slaves are to perform. Bits 0 through 
13 specify the address upon which the action is to 
take place. Commands are sent via Ports 3 and 4 
and are available to cause the slaves to program a 
word, verify a word, or dump a word (Table 4). The 
address part of the command sent to the slaves 
ranges from 2000H to 3FFFH and refers to the inter- 
nal EPROM memory space. The following sections 
describe each Slave Programming Mode command. 


P4.7 
P4.6 
Action 


0 
0 
Word Dump 


0 
1 
Data Verify 


1 
0 
Data Program 


1 
1 
Reserved 


DATA 
PROGRAM 
COMMAND-After 
a Data Pro- 


gram Command has been sent to the slaves, PROG 
must be pulled low to cause the data on Ports 3 and 
4 to be programmed into the location specified dur- 
ing the command. The falling edge of PROG is not 
only used to indicate data valid, but also triggers the 
hardware programming of the word specified. The 
slaves will begin programming 48 states after PROG 
falls, and will continue to program the location until 
PROG rises. 


After the rising edge of PROG, the slaves automati- 
cally perform a verification of the address just pro- 
grammed. The result of this verification is then out- 
put on PVER (Program Verify) and PD~ (Program 
Duration Overflowed). Therefore, verification infor- 
mation is available following the Data Program Com- 
mand for programming systems that cannot use the 
Data Verify command. 


If PVER and PD~ of all slaves are 1s after PROG 
rises then the data program was successful every- 
where. If PVER is a 0 in any slave, then the data 
~ammed 
did not verify correctly in that part. If 


PD~ is a 0 in any slave, then the programming pulse 
in those parts was terminated by an internal safety 
feature rather than the rising edge of PROG. The 
safety feature prevents over-programming in the 
slave mode. Figure 23 shows the relationship of 
PALE, PROG, PVER and PD~ to the Command/ 
Data Path on Ports 3 and 4 for the Data Program 
Command. 


PORTS 
3,4 --< 
ADDRESS/COMMAND 
~_---- 
_ 


VALID 
I 
\ 
VALID 


\ 
VALID 


DATA 
VERIFY 
COMMAND-When 
the Data Verify 


Command is sent, the slaves respond by driving one 
bit of Port 3 or 4 to indicate correct or incorrect verifi- 
cation of the previous Data Program. A 1 indicates 
correct verification, while a 0 indicates incorrect veri- 
fication. The SID (Slave 10 Number) of each slave 
determines which bit of the command/data path is 
driven. PROG from the programmer governs when 
the slaves drive the bus. Figure 24 shows the rela- 
tionship of Ports 3 and 4 to PALE and PROG. 


This command is always preceded by a Data Pro- 
gram Command in a programming system with as 
many as 16 slaves. However, a Data Verify Com- 
mand does not have to follow every Data Program 
Command. 


WORD DUMP COMMAND 
- 
When the Word Dump 


Command is issued, the 879XBH being programmed 
adds 2000H to the address field of the command 
and places the value found at the new address on 
Ports 3 and 4. For example, sending the command 
#0100H to a slave will result in the slave placing the. 
word found at location 2100H on Ports 3 and 4. 
PROG from the programmer governs when the 
slave drives the bus. The signals are the same as 
shown in Figure 24. 


Note that this command will work only when just one 
slave is attached to the bus, and that there is no 
restriction on commands that precede or follow a 
Word Dump Command. 


PALE ~ 
I 


Gang Programming 
with the 
Slave Programming 
Mode 


Gang programming of 879XBHs can be done using 
the Slave Programming Mode. There is no 879XBH 
based limit on the number of chips that may be 
hooked to the same Port 3/Port 4 data path for gang 
programming. 


If more than 16 chips are being gang programmed, 
the PVER and PD~ outputs of each chip could be 
used for verification. The master programmer could 
issue a data program command then either watch 
every chip's error signals, or AND all the signals to- 
gether to get a system PVER and PDO. 


If 16 or fewer 879XBHs are to be gang programmed 
at once, a more flexible form of verification is avail- 
able. By giving each chip being programmed a 
unique SID, the master programmer could then issue 
a data verify command after the data program com- 
mand. When a verify command is seen by the 
slaves, each will drive one pin of Port 3 or 4 with a 1 
if the programming verified correctly or a 0 if pro- 
gramming failed. The SID is used by each slave to 
determine which Port 3, 4 bit it is assigned. An 
879XBH in the auto programming mode could be the 
master programmer if 15 or fewer slaves need to be 
programmed (See Gang Programming with the Auto 
Programming Mode). 


PORTS J,4 -<DATA VERifY 
COMMAND»)0----0( 
VERifiCATION 
BITS 
~ 


inter 


AUTO 
CONFIGURATION 
BYTE 


PROGRAMMING 
MODE 


The CCB (location 2018H) can be treated just like 
any other EPROM location, and programmed using 
any programming mode. But to provide for simple 
programming of the CCB when no other locations 
need to be programmed, the Auto Configuration 
Byte Programming Mode is provided. Programming 
in this mode also programs PCCB. Figure 25 shows 
a block diagram for using the Auto Configuration 
Byte Programming Mode. 


With PMODE = ODHand OFF on Port 4, CCB and 
PCCB will be programmed the value on Port 3 when 
a logic 0 is placed on PALE. After programming is 
complete, PVER will be driven to a 1 if the bytes 
programmed correctly, and a 0 if the programming 
failed. 


This method of programming is the only way to pro- 
gram 
PCCB. PCCB is 
a 
non-memory 
mapped 


EPROM location that gets loaded into CCR during 
the reset sequence when the voltage on EA puts the 
879XBH in Programming Mode. If PCCB is not pro- 
grammed using the Auto Configuration Byte Pro- 
gramming Mode, every time the 879XBH is put into 
Programming Mode the CCR will be loaded with 
OFFH(the value of the erased PCCB location). 


However, if programming of the CCB and PCCB is 
done using this programming mode, the PCCB will 
take on the value programmed into CCB. This 
means that until the part is erased, programming ac- 
tivities that use the system will employ the bus width 
and controls selected by the user's CCB. 


NOTE: 
Tie Port 3 to the value desired 
to be programmed 
into CRB, and PCCB. 
Make all necessary 
minimum 
connections 
for power, 
ground 
and clock. 


Run-Time Programming of the 879XBH is provided 
to allow the user complete flexibility in the ways in 
which the internal EPROM is programmed. That flex- 
ibility includes the ability to program just one byte or 
one word instead of the whole EPROM, and extends 
to the hardware necessary to program. The only 
additional requirement of a system is that a pro- 
gramming voltage is applied to Vpp. Run-Time Pro- 
gramming is done with EA at TIL-high 
(normal 


operation - internal/external access). 


To Run-Time program, the user writes a byte or 
word to the location to be programmed. Once this is 
done, the 879XBH will continue to program that lo- 
cation until another data read from or data write to 
the EPROM occurs. The user can therefore control 
the duration of the programming pulse to within a 
few microseconds. An inteligent algorithm should be 
implemented in software. It is recommended that the 
Modified Quick-Pulse Programming™ Algorithm be 
implemented. 


After the programming of a location has started, 
care must be taken to insure that no program fetch- 
es (or pre-fetches) occur from internal memory. 


This is of no concern if the program is executing 
from external memory. However, if the program is 
executing from internal memory when the write oc- 
curs, it will be necessary to use the built in "Jump to 
Self" located at 201AH. 


"Jump to Self" is a two byte instruction in the Intel 
test ROM which can be CALLed after the user has 
started programming a location by writing to it. A 
software timer interrupt could then be used to es- 
cape from the "Jump to Self" when the proper pro- 
gramming pulse duration has elapsed. Figure 26 is 
an example of how to program an EPROM location 
while execution is entirely internal. 


Upon entering the PROGRAM routine, the address 
and data are retrieved from the STACK and a Soft- 
ware Timer is set to expire one programming pulse 
later. The data is then written to the EPROM loca· 
tion and a CALL to location 201AH is made. Loca- 
tion 201AH is in Intel reserved test ROM, and con- 
tains the two byte opcode for a "Jump to Self." The 
minimum interrupt service routine would remove the 
201AH return address from the STACK and return. 


PROGRAM: 
POP 
POP 
POP 
PUSH 


temp 
address_temp 
data--temp 
temp 


PUSHF 
LDB 


LDB 
ADD 
HSO_COMMAND 
,#SWTO_ovf 
HSO_TIME,TIMERl,#program_pulse 


EI 
ST 
data_temp, 
[address_temp] 


CALL 
20lAH 


POPF 
RET 


swtO_expired: 
POP 
0 
RET 


;save current status 
;enable only swt interrupts 


;load swt command to interrupt 
;when program pulse time 
;has elasped 


Protection mechanisms have been provided on the 
ROM and EPROM versions of the 809XBH to inhibit 
unauthorized accesses of internal program memory. 
However, there must always be a way to allow 
authorized 
program 
memory dumps for 
testing 


purposes. 
The 
following 
describes 
839XBH, 
879XBH program lock features and the mode pro- 
vided for authorized memory dumps. 


Write protection is provided for EPROM parts, while 
READ protection is provided for both ROM and 
EPROM parts. 


Write protection is enabled by causing the LOCObit 
in the CCR to take the value O.When WRITE protec- 
tion is selected, the bus controller will cycle through 
the write sequence, but will not actually drive data to 
the EPROM and will not enable Vpp to the EPROM. 
This protects the entire EPROM 2000H-3FFFH from 
inadvertant or unauthorized programming. 


READ protection is selected by causing the LOC1 
bit in the CCR to take the value O.When READ pro- 
tection is enabled, the bus controller will only per- 
form a data read from the address range 2020H- 
3FFFH if the slave program counter is in the range 
2000H-3FFFH. Note that since the slave PC can be 
~any bytes ahead of the CPU program counter, an 
Instruction that is located after address 3FFAH may 
not be allowed to access protected memory, even 
through the instruction is itself protected. 


If the bus controller receives a request to perform a 
READ of protected memory, the READ sequence 
occurs with indeterminant data being returned to the 
CPU. 


Other 
enhancements 
were 
also 
made 
to 
the 


8096BH for program protection. For example, the 
value of EA is latched on reset so that the device 
cannot be switched from external to internal execu- 
t!on .mode at run-time. In addition, if READ protec- 
tion ISselected, an NMI event will cause the device 
to switch to external only execution mode. Internal 
execution can only resume by resetting the chip. 


AUTHORIZED 
ACCESS 
OF PROTECTED 


MEMORY 


To provide a method of dumping the internal ROMI 
EPROM. for testing 
purposes a "Security 
Key" 
mechanism and ROM dump mode have been imple- 
mented. 


The security key is a 128 bit number, located in inter- 
nal memory, that must be matched before a ROM 
dump will occur. The application code contains the 
security key starting at location 2020H. 


The ROM dump mode is entered just like any pro- 
gramming mode (EA = 12.75V), except that a spe- 
cial PMODEstrapping is used. The PMODEfor ROM 
dump is 6H (0110b). 


The ROM dump sequence begins with a security key 
verification. Users must place at external locations 
4020H-402FH 
the same 16 byte key that resides 


inside the chip at locations 2020H-202FH. Before 
doing a ROM dump, the chip checks that the keys 
match. 


After a successful key verification, the chip dumps 
data to external locations 1000H-11FFH and 4000H- 
5FFFH. Unspecified data appears at the low ad- 
dresses. 
Internal 
EPROMIROM 
is 
dumped 
to 


4000H-5FFFH 
beginning 
with 
internal 
address 


2000H. 


If a security key verification is not succeSSful, the 
chip will put itself into an endless loop of internal 
execution. 


NOTE: 


Substantial effort has been expended to provide an 
excellent program protection scheme. However, In- 
tel cannot, and does not guarantee that the protec- 
tion methods that we have devised will prevent un- 
authorized access. 


MODIFIED 
QUICK-PULSE 
PROGRAMMINGTM 
ALGORITHM 


The Modified Quick-Pulse Programming™ Algorithm 
calls for each EPROM location to receive 25 sepa- 
rate 100 p..s(± 5 p..s)programming cycles. Verifica- 
tion of correct programming is done after the 25 
pulses. If the location verifies correctly, the next lo- 
cation is programmed. If the location fails to verify, 
the location has failed. 


Once all locations are programmed and verified the 
entire EPROM is again verified. 
' 


Programming of 879XBH parts is done with Vpp = 
12.75V ±0.25V and Vcc = 5.0V ±0.5V. 


The 879XBH 
contains 
a signature 
word at location 


2070H. 
The 
word 
can 
be 
accessed 
in the 
slave 


mode by executing 
a word dump command. 


Table 5. 8X9XBH 
Signature 
Word 


Device 
Signature 
Word 


879XBH 
896FH 


839XBH 
896EH 


809XBH 
Undefined 


Initially, 
and 
after 
each 
erasure, 
all 
bits 
of 
the 


879XBH 
are in the "1" 
state. 
Data is introduced 
by 


selectively 
programming 
"Os" into the desired 
bit lo- 


cations. 
Although 
only 
"Os" 
will 
be 
programmed, 
both "1 s" and "Os" can be present 
in the data word. 
The only way to change 
a "0" 
to a "1" 
is by ultravio- 
let light erasure. 


The erasure 
characteristics 
of the 879XBH 
are such 


that erasure 
begins to occur 
upon exposure 
to light 


with wavelengths 
shorter 
than 
approximately 
4000 


Angstroms 
(A). It should 
be noted that sunlight 
and 


certain types of fluorescent 
lamps have wavelengths 


in the 
3000-4000 
A range. 
Constant 
exposure 
to 


room 
level fluorescent 
lighting 
could erase the typi- 
cal 879XBH 
in approximately 
3 years, while it would 


take 
approximately 
1 week 
to cause 
erasure 
when 


exposed 
to direct 
sunlight. 
If the 879XBH 
is to be 


exposed 
to 
light 
for 
extended 
periods 
of 
time, 
opaque 
labels 
must 
be placed 
over the 
EPROM's 


window 
to prevent 
unintentional 
erasure. 


The 
recommended 
erasure 
procedure 
for 
the 


879XBH 
is exposure 
to shortwave 
ultraviolet 
light 


which 
has a wavelength 
of 2537 A. The integrated 


dose (Le., UV intensity x exposure 
time) for erasure 


should be a minimum 
of 15 Wsec/cm2. 
The erasure 


time with this dosage 
is approximately 
15 to 20 min- 


utes using an ultraviolet 
lamp with a 12000 pW/cm2 


power rating. The 879XBH 
should be placed within 1 


inch of the lamp tubes during erasure. The maximum 
integrated 
dose an 879XBH 
can be exposed 
to with- 


out damage 
is 7258 
Wsec/cm2 
(1 week 
@ 12000 


p.W/cm2). 
Exposure 
of the 879XBH 
to high intensity 
UV light for long periods 
may cause permanent 
dam- 
age. 


POWER SUPPLY SEQUENCE 
WHILE 


PROGRAMMING 


For any 879XBH 
that is in any programming 
mode, 


high 
voltages 
must 
be 
applied 
to 
the 
device. 
To 


avoid 
damaging 
the parts, the following 
rules must 


not be violated. 


RULE 
#1-Vpp 
must 
not 
have 
a low 
impedance 


path 
to 
ground 
when 
Vcc 
is 
above 


4.5V. 


RULE #2- 
Vcc 
must 
be above 
4.5V 
before 
Vpp 


can be higher than 5.0V. 


RULE 
#3- 
Vpp must be within 1V of Vcc while Vcc 
is below 4.5V. 


RULE #4-AII 
voltages 
must 
be within 
tolerance 


and the oscillator 
stable before 
RESET 


rises. 


RULE 
#5- 
EA must be brought 
high to place 
the 


part in programming 
mode 
before 
Vpp 
is brought 
high. 


To adhere to these rUles, the following 
power up and 


power down sequences 
can be followed. 


RESET 
= 
0; 


CLOCK ON; if using an external 
clock 


; instead 
of an oscillator 


Vcc 
= 
Vpp = 
VEA = 
5V; 


PALE= 
PROG 
= 
PORT 34 = 
VIH;· 


SID AND PMODE VALID; 
EA = 
12.75V; 
Vpp = 
12.75V; 


WAIT; wait for supplies 
and clock to 


; settle 
RESET 
= 
5V; 


WAIT Tshll; See Data Sheet 
BEGIN; 


RESET 
= 
0; 


Vpp = 
5V; 


EA = 5V; 
PALE 
= 
PROG 
= 
SID 
= 
PMODE 
= 
PORT34 
= 


OV; 
Vcc 
= 
Vpp = VEA = 
OV; 


CLOCK OFF; 


One final note on power up, power down. The maxi- 
mum limit on Vpp must never be violated, 
even for 


an instant. 
Therefore, 
an RC rise to the desired 
Vpp 


is recommended. 
Vpp is also 
sensitive 
to instanta- 


neous 
voltage 
steps. 
This also 
can be avoided 
by 


using an RC ramp on Vpp. 


inter 


Operating 
Conditions: 
Load Capacitance 
= 150 pF, TA = 25°C ±5°C, 
VCC. VPD. VREF = 5.0V ± 0.5V. VSS. 


AGND = OV, Vpp = 12.75V 
± 0.25V, 
EA = 11V ± 2.0V. fosc = 6.0 MHz 


Symbol 
Parameter 
Mln 
Max 
Units 


TAVLL 
ADDRESS/COMMAND 
Valid to PALE Low 
0 
Tosc 


TLLAX 
ADDRESS/COMMAND 
Hold After PALE Low 
80 
Tosc 


TDVPL 
Output Data Setup Before PROG Low 
0 
Tosc 


TpLDX 
Data Hold After PROG Falling 
80 
Tosc 


TLLLH 
PALE Pulse Width 
180 
Tosc 


TpLPH 
PROG Pulse Width 
250 Tosc 
100,...S + 


144 Tosc 


hHPL 
PALE High to PROG Low 
250 
Tosc 


TpHLL 
PROG High to Next PALE Low 
600 
Tosc 


TpHDX 
Data Hold After PROG High 
30 
Tosc 


TpHW 
PROG High to PVER/PDO 
Valid 
500 
Tosc 


hLVH 
PALE Low to PVER/PDO 
High 
100 
Tosc 


TpLDV 
PROG Low to VERIFICATION/DUMP 
Data Valid 
100 
Tosc 


TSHLL 
RESET High to First PALE Low (not shown) 
2000 
Tosc 


NOTE: 
Run-time programming is done with Fosc = 6.0 MHz to 12.0 MHz, Vcc, VPD,VREF= SV ± O.SV,TA = 25°C to ±soC and 
VPP = 12.7SV ± 0.2SV. For run-time programming over a full operating range, contact the factory. All windowed devices 
should be covered after programming. 


Symbol 
Parameter 
Mln 
I 
Max 
Units 


Ipp 
Vpp Supply Current (Whenever 
Programming) 
I 
100 
mA 


Vpp 
Programming 
Supply Voltage 
12.75 ±0.25 
V 


VEA 
EA Programming 
Voltage 
11 ±2.0 
V 


NOTE: 
VPPmust be within 1V of Vcc while Vcc < 4.SV. Vpp must not have a low impedance path to ground or VSSwhile 
VCC> 4.SV. 


Reserved location warning: Intel 
Reserved 
ad- 
dresses 
can not be used by applications 
which 
use 


8X9XBH 
internal 
ROM/EPROM. 
The data read from 


a reserved 
location 
is not guaranteed, 
and a write to 


any reserved 
location 
could cause unpredictable 
re- 


sults. 
When 
attempting 
to program 
Intel 
Reserved 


addresses, 
the data 
must be' OFFFFH to ensure 
a 


harmless 
result. A memory 
map indicating 
reserved 


locations 
on the 8X9XBH 
is shown 
in Figure 27. 


Intel Reserved 
locations, 
when 
mapped 
to external 


memory, 
must be filled with OFFFFH to ensure com- 


patibility 
with future 
parts. 


EXTERNAL 
MEMORY 
OR I/O 


INTERNAL 
PROGRAM 


STORAGE 
ROM/EPROM 
OR 
EXTERNAL 
MEMORY 


RESERVED 


SIGNATURE 
WORD 


RESERVED 


SECURITY 
KEY 


RESERVED 


SELF JUMP CODE (27H FEH) 


RESERVED 


CHIP CONFIGURATION 
BYTE 


RESERVED 


INTERRUPT 
VECTORS 


2080H 
2072H-207FH 


2070H-2071 
H 


2030H-206FH 


2020H-202FH 


201 CH-201 
FH 


201AH-201BH 


2019H 


2018H 


2012H-2017H 
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MCS®·96 
809XBH·10 


ADVANCED 16·BIT MICROCONTROLLER 


WITH 8· OR 16·BIT EXTERNAL BUS 


• 
232 Byte Register 
File 


• 
Register-to-Reglster 
Architecture 


• 
A/D 
Converter 
with S/H 


• 
Five 8-Blt I/O Ports 


• 
20 Interrupt 
Sources 


• 
Pulse-Width 
Modulated 
Output 


• 
High Speed 
110 Subsystem 


• 
Full Duplex Serial Port 


• 
Dedicated 
Baud Rate Generator 


• 
Hardware 
16 x 16 Multiply, 
32/16 
Divide 


• 
16-Blt Watchdog 
Timer 


• 
Four 16-Blt Software 
Timers 


• 
Two 16-Bit Counter/Timers 


• 
Available 
In 48-Pln Ceramic 
DIP and 68 


Pin Ceramic 
PGA 


(See Packaging 
Specification 
Order 
# 231369) 


The MCS~-96 
family of 16-bit microcontrollers 
consists 
of many members, 
all of which are designed 
for high- 
speed control 
functions. 
The MCS-96 family members 
operating 
with 10 MHz clocks are described 
in this data 
sheet. 


The CPU supports 
bit, byte, and word operations. 
Thirty-two 
bit double-words 
are supported 
for a subset of the 
instruction 
set. Hardware 
multiplication 
and division, 
along 
with three-operand 
instructions 
and flexible 
ad- 
dressing 
modes 
provide 
for efficient 
use of the chip's 
232 bytes of general 
purpose 
registers. 


Four high-speed 
trigger inputs are provided 
to record the times at which external 
events occur. Six high-speed 
pulse generator 
outputs 
are provided 
to trigger external 
events at preset times. The high-speed 
output unit can 
simultaneously 
perform 
software 
timer functions. 
Up to four 16-bit software 
timers can be in operation 
at once. 


The 
on-chip 
AID 
converter 
includes 
a Sample 
and 
Hold, 
and converts 
up to 8 multiplexed 
analog 
input 
channels 
to digital 
values. 
This feature 
is only available 
on the 8X95BHs 
and 8X97BHs, 
with the 8X95BHs 
having 4 multiplexed 
analog 
inputs. 


Also provided 
on-chip 
are a serial port, a Watchdog 
Timer, and a pulse-width 
modulated 
output 
signal. 


The specifications 
in this datasheet 
supplement 
the information 
contained 
in the Embedded 
Controller 
Hand- 
book (Order Number 
210918) 
and pertain 
only to suffix -10 of the MCS-96 family. 
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The 809XBH-10 
is available 
in 48-pin and 68-pin packages 
with AID. The MCS-96 numbering 
system is shown 
in Figure 2. Figures 3-5 
show the pinouts for the 48- and 68-pin packages. 
The 48-pin version 
is offered 
in a 
Dual·ln-Line 
package 
while the 68-pin version 
is in a Pin Grid Array (PGA). 


WlthA/D 


ROMless 
I 
4SPIn 
C8095BH-10· 
Ceramic 
DIP 


I 
6SPIn 
A8097BH-10 
- Ceramic 
PGA 


PGA 
Description 
PGA 
Description 
PGA 
Description 


1 
ACH7/PO.7/PMOD.3 
24 
AD6/P3.6 
47 
P1.6 


2 
ACH6/PO.6/PMOD.2 
25 
AD7/P3.7 
48 
P1.5 


3 
ACH2/PO.2 
26 
AD8/P4.0 
49 
HSO.1 


4 
ACHO/PO.O 
27 
AD9/P4.1 
50 
HSO.O 


5 
ACH1/PO.1 
28 
AD10/P4.2 
51 
HSO.5/HSI.3 


6 
ACH3/PO.3 
29 
AD11/P4.3 
52 
HSO.4/HSI.2 


7 
NMI 
30 
AD12/P4.4 
53 
HSI.1 


8 
EA 
31 
AD13/P4.5 
54 
HSI.O 


9 
VCC 
32 
AD14/P4.6 
55 
P1.4 


10 
VSS 
33 
AD15/P4.7 
56 
P1.3 


11 
XTAL1 
34 
T2CLK/P2.3 
57 
P1.2 


12 
XTAL2 
35 
READY 
58 
P1.1 


13 
CLKOUT 
36 
T2RST/P2.4 
59 
P1.0 


14 
BUSWIDTH 
37 
BHE/WRH 
60 
TXD/P2.0 


15 
INST 
38 
WR/WRL 
61 
RXD/P2.1/PALE 


16 
ALE/ADV 
39 
PWM/P2.5 
62 
RESET 


17 
AD 
40 
P2.7 
63 
EXTINT /P2.2/PROG 


18 
ADO/P3.0 
41 
VPP 
64 
VPD 


19 
AD1/P3.1 
42 
VSS 
65 
VREF 


20 
AD2/P3.2 
43 
HSO.3 
66 
ANGND 


21 
AD3/P3.3 
44 
HSO.2 
67 
ACH4/PO.4/PMOD.0 


22 
AD4/P3.4 
45 
P2.6 
68 
ACH5/PO.5/PMOD.1 


23 
AD5/P3.5 
46 
P1.7 
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RESET 


EXTINT/P2.2/PROG 


VpD 


VREf 
ANGND 


ACH4/PO.4/PMOD.0 


ACH5/PO.5/PMOD.1 


ACH7/PO.7 /PMOD.3 


ACH6/PO.6/PMOD.2 


EA 


Vee 


Vss 
XTAL1 


XTAL2 


ALE/ADV 


RD 


ADO/P3.0 


AD1/P3.1 


AD2/P3.2 


AD3/P3.3 


AD4/P3.4 


AD5/P3.5 


AD6/P3.6 


AD7/P3.7 


PALE/ RXD/P2.1 


TXD/P2.0 


HSIO 


HSl1 


HSI2/HS04 


HSI3/HS05 


HSOO 


HS01 


HS02 


HS03 


Vss 


Vpp 


PWM/P2.5 


WRL/WR 


WRH/BHE 


READY 


AD15/P4.7 


AD14/P4.6 


AD13/P4.5 


AD12/P4.4 


AD11/P4.3 


AD10/P4.2 


AD9/P4.1 


AD8/P4.0 


Pins Facing Down 


1715131197531"" 


18 19 16 14 12 10 
8 
6 
4 
2 
68 


20 21 
67 66 
MCS<K>-96 
22 23 
68 PIN 
65 64 
2425 
GRIDARRAY 
63 62 


2627 
61 60 
TOPVIEW 
28 29 
LOOKINGDOWNON 
59 58 
30 31 
COMPONENTSIDE 
57 56 
32 33 
OF PC BOARD 
55 54 


34 36 38 40 42 44 46 48 50 53 52 


35 37 39 41 43 45 47 49 51 
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Symbol 
Name and FunctIon 


Vcc 
Main supply voltage 
(5V). 


Vss 
Digital circuit ground 
(OV). There are two Vss pins, both of which 
must be connected. 


VPD 
RAM standby 
supply voltage 
(5V). This voltage 
must be present 
during normal operation. 
In a Power 
Down condition 
(Le. Vcc drops to zero), if RESET is activated 
before 
Vcc drops below spec and VPD 
continues 
to be held within spec., the top 16 bytes in the Register 
File will retain their contents. 
RESET 


must be held low during the Power Down and should 
not be brought 
high until VCC is within spec and 


the oscillator 
has stabilized. 


VREF 
Reference 
voltage 
for the AID 
converter 
(5V). VREF is also the supply voltage 
to the analog portion 
of 
the AID 
converter 
and the logic used to read Port O. Must be connected 
for AID 
and Port 0 to function. 


ANGND 
Reference 
ground 
for the AID 
converter. 
Must be held at nominally 
the same potential 
as Vss. 


VPP 
This pin is Vss on BX9X-90 parts. VPP must be unconnected 
on BX9XBH-1 0 parts. 


XTAL1 
Input of the oscillator 
inverter 
and of the internal 
clock generator. 


XTAL2 
Output of the oscillator 
inverter. 


CLKOUT 
Output of the internal 
clock generator. 
The frequency 
of CLKOUT 
is % the oscillator 
frequency. 
It has a 
33% duty cycle. 


RESET 
Reset input to the chip. Input low for at least 2 state times to reset the chip. The subsequent 
low-to-high 
transition 
re-synchronizes 
CLKOUT 
and commences 
a 1O-state-time 
sequence 
in which the PSW is 
cleared, 
a byte read from 201BH loads CCR, and a jump to location 
20BOH is executed. 
Input high for 
normal operation. 
RESET has an internal 
pullup. 


BUSWIDTH 
Input for bus width selection. 
If CCR Bit 1 is a one, this pin selects 
the bus width for the bus cycle in 
progress. 
If BUSWIDTH 
is high, a 16-bit bus cycle occurs. 
If BUSWIDTH 
is low, an B·bit cycle occurs. 
If 
CCR bit 1 is a 0, the bus is always an B-bit bus. This pin is the TEST pin on BX9X·90 parts. Systems 
with 


TEST tied to Vcc do not need to change. 
If this pin is left unconnected, 
it will rise to VCC. 


NMI 
A positive 
transition 
causes a vector to external 
memory 
location 
OOOOH.External 
memory 
from OOH 


through 
OFFH is reserved 
for Intel development 
systems. 


INST 
Output 
high during an external 
memory 
read indicates 
the read is an instruction 
fetch. INST is valid 
throughout 
the bus cycle. 


EA 
Input for memory 
select (External 
Access). 
EA equal to a TTL-high 
causes 
memory 
accesses 
to 
locations 
2000H through 
3FFFH to be directed 
to on-chip 
ROM. EA equal to a TTL-Iow 
causes 
accesses 
to these locations 
to be directed 
to off-chip 
memory. 
EA = + 12.5V causes 
execution 
to 
begin in the Programming 
Mode. EA has an internal 
pulldown, 
so it goes low unless driven otherwise. 


EA is latched 
at reset. 


ALE/ADV 
Address 
Latch Enable or Address 
Valid output, as selected 
by CCR. Both pin options 
provide 
a latch to 
demultiplex 
the address 
from the address/data 
bus. When the pin is ADV, it goes inactive 
high at the 
end of the bus cycle. ADV can be used as a chip select for external 
memory. 
ALE/ ADV is activated 
only 
during external 
memory 
accesses. 


RD 
Read signal output to external 
memory. 
RD is activated 
only during external 
memory 
reads. 


WR/WRL 
Write and Write Low output to external 
memory, 
as selected 
by the CCR. WR will go low for every 


external 
write, while WRL will go low only for external 
writes where an even byte is being written. 


WR/WRL 
is activated 
only during external 
memory 
writes. 


BHE/WRH 
Bus High Enable or Write High output to external 
memory, 
as selected 
by the CCR. BHE low selects 
the 
bank of memory 
that is connected 
to the high byte of the data bus. AO low selects 
the bank of memory 
that is connected 
to the low byte of the data bus. Thus accesses 
to a 16-bit wide memory 
can be to the 
low byte only (AO low, BHE high), to the high byte only (AO high, BHE low), or both bytes (AO low, BHE 
low). If the WRH function 
is selected, 
the pin will go low if the bus cycle is writing to an odd memory 
location. 
BHE/WRH 
is activated 
only during external 
memory writes. 


Symbol 
Name and Function 


READY 
Ready input to lengthen 
external 
memory 
cycles, 
for interfacing 
to slow or dynamic 
memory, 
or 
for bus sharing. 
If the pin is high, CPU operation 
continues 
in a normal 
manner. 
If the pin is low 


prior to the falling edge of CLKOUT, 
the memory 
controller 
goes into a wait mode until the next 


positive 
transition 
in CLKOUT 
occurs 
with READY high. The bus cycle can be lengthened 
by up 
to 1 ,...S. When the external 
memory 
is not being used, READY has no effect. 
Internal 
control 
of 


the number 
of wait states inserted 
into a bus cycle held not ready is available 
through 


configuration 
of CCR. READY has a weak internal 
pullup, so it goes high unless externally 
pulled 


low. 


HSI 
Inputs to High Speed 
Input Unit. Four HSI pins are available: 
HSI.O, HSI.1, HSI.2, and HSI.3. Two 


of them (HSI.2 and HSI.3) are shared with the HSO Unit. The HSI pins are also used as inputs by 


EPROM 
parts in Programming 
Mode. 


HSO 
Outputs 
from High Speed Output 
Unit. Six HSO pins are available: 
HSO.O, HSO.1, HSO.2, 
HSO.3, 
HSO.4, and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the HSI Unit. 


Port ° 
8·bit high impedance 
input-only 
port. These pins can be used as digital inputs and/or 
as analog 
inputs to the on-chip 
AID 
converter. 
These pins are also a mode input to parts in the 


Programming 
Mode. 


Port 1 
8-bit quasi-bidirectional 
I/O port. 


Port 2 
8-bit multi-functional 
port. Six of its pins are shared with other functions. 
the remaining 
2 are 
quasi-bidirectional. 
These pins are also used to input and output control 
signals 
on parts in 


Programming 
Mode. 


Ports 3 and 4 
8-bit bi-directionall/O 
ports with open drain outputs. 
These pins are shared with the multiplexed 
address/data 
bus which 
has strong internal 
pullups. 
Ports 3 and 4 are also used as a command, 
address 
and data path by parts operating 
in the Programming 
Mode. 


ELECTRICAL 
CHARACTERISTICS 


ABSOLUTE 
MAXIMUM 
RATINGS* 


Ambient 
Temperature 
Under 
Bias 
.... 
O°C to 
+ 70°C 


Storage 
Temperature 
- 40°C 
to 
+ 150°C 


Voltage 
from 
EA to VSS or ANGND 
13.0V 


Voltage 
from 
Any 
Other 
Pin to 


VSSorANGND 
...........•.•.. 
-0.3Vto 
+7.0V 


Average 
Output 
Current 
from 
Any 
Pin 
•...... 
10 mA 


Power 
Dissipation 
.............•............ 
1.5W 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE: Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Mln 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias 
0 
+70 
C 


Vee 
Digital Supply Voltage 
4.75 
5.25 
V 


VREF 
Analog 
Supply Voltage 
4.75 
5.25 
V 


lose 
Oscillator 
Frequency 
6.0 
10.0 
MHz 


VPO 
Power-Down 
Supply Voltage 
4.75 
5.25 
V 


D.C. CHARACTERISTICS 
(Test 
Conditions: 
VCC, VREF. 
VPD, VpP. 
VEA = 5.0V 
± 0.25V; 
Fosc = 6.0 to 


10.0 
MHz; 
T A = O°C to 70°C; 
VSS. ANGND 
= OV) 


Symbol 
Parameter 
Mln 
Max 
Unit!! 
Test 
Conditions 


Ice 
Vee Supply Current 
(O'C 
:<;; TA :<;; 70°C 
200 
mA 
All Outputs 


Ice, 
Vee Supply Current 
(TA = 70'C) 
160 
mA 
Disconnected. 


Ipo 
Vpo Supply Current 
1 
mA 
Normal 
operation 
and Power-Down. 


IREF 
VREF Supply Current 
5 
mA 
(Note 4) 


Vil 
Input Low Voltage 
(Except 
RESET) 
-0.3 
+0.8 
V 


VIL' 
Input Low Voltage, 
RESET 
. 
-0.3 
+0.7 
V 


VIH 
Input High Voltage 
(Except 
RESET, NMI, XTAL1) 
2.0 
Vee 
+0.5 
V 


VIH' 
Input High Voltage, 
RESET Rising 
, 


2.4 
Vee 
+0.5 
V 


VIH2 
Input High Voltage, 
RESET Falling 
2.1 
Vee 
+0.5 
V 


VIH3 
Input High Voltage, 
NMI, XTAL 1 
2.2 
Vee 
+0.5 
V 


III 
Input Leakage 
Current 
to each pin 01 HSI, P3, P4, and to P2.1. 
±10 
/-LA 
Vin = OtoVee 


Ill, 
D.C. Input Leakage 
Current to each pin 01 PO 
+10 
/-LA 
Vin= 
OtoVee 


IIH 
Input High Current to EA 
100 
/-LA 
VIH = 2.4V 


IlL 
Input Low Current 
to each pin 01 P1 , 
-100 
/-LA 
Vil 
= 0.45V 
and to P2.6, P2.7. 
I 


IIU 
Input Low Current 
to RESET 
-0.3 
-2 
mA 
Vil 
= 0.45V 


IIL2 
Input Low Current 
P2.2, P2.3, P2.4 
-50 
/-LA 
Vil 
= 0.45V 


IIl3 
Input Low Current 
to READY 
-160 
/-LA 
Vil 
= 0.45V 


IIL4 
Input Low Current to BUSWIDTH 
-50 
/-LA 
Vil 
= 0.45V 
(Note 4) 


Val 
Output 
Low Voltage 
on Quasi-Bidirectional 
port pins 
0.45 
V 
IOl = 0.36 mA 
(Notes 
1, 5) 


VOL2 
Output 
Low Voltage 
on Standard 
Output 
pins, 
0.45 
V 
IOl = 2.0mA 
RESET and Bus/Control 
Pins 
(Note 1) 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VOH 
Output High Voltage on Quasi-Bidirectional 
2.4 
V 
10H= -20/LA 
pins 
(Note 1) 


VOHl 
Output High Voltage on Standard Output 
2.4 
V 
10H= -200/LA 
pins and Bus/Control pins 
(Note 1) 


IOH3 
Output High Current on RESET 
-50 
/LA 
VOH = 2.4V 
(Note 4) 


Cs 
Pin Capacitance (Any Pin to Vss) 
10 
pF 
fTEST = 1.0 MHz 


NOTES: 
1. Quasi-bidirectional pins include those on Pl, for P2.6 and P2.7. Standard Output Pins include RXD (Mode 0 only), TXD, 
PWM, and HSO pins. Note 4 applies to RXD in Mode O. Bus/Control pins include CLKOUT, ALE, BHE, RD, WR, INST and 
ADO-15. 
2. Maximum current per pin must be externally limited to the following values if VOLis held above 0.45V. 


10l on quasi-bidirectional pins: 4.0 mA 
10l on standard output pins and RESET: 8.0 mA 
10l on Bus/Control pins: 2.0 mA 


3. During normal (non-transient) operation the following limits apply: 
Totatlol 
on Port 1 must not exceed 4.0 mA. 


Totatlol 
on P2.0, P2.6, RESET and all HSO pins must not exceed 17.0 mA. 


Totatlolon 
P2.5 and P2.7 must not exceed 4.0 mA. 


4. These values are not tested in production, and are based on theoretical estimates and/or laboratory tests. 
5. 10l is typically greater than 0.4 mA, but is tested to 0.36 mA. 


A.C. CHARACTERISTICS 
Vcc. VPD = 5.0V ± 0.25V; TA = O·C to 70·C; 
fosC = 6.0 MHz to 10.0 MHz 


Test Conditions: 
Load Capacitance 
on Output 
Pins = 80 pF 


Oscillator 
Frequency 
= 10 MHz 


Symbol 
Parameter 
Mln 
Max 
Units 


TCLYX(4) 
READY Hold after CLKOUT 
Edge 
0(1) 
ns 


hLYV 
End of ALE/ ADV to READY Valid 
2Tosc-90 
ns 


hLYH 
End of ALE/ ADV to READY High 
2Tosc+40 
4Tosc-50 
ns 


TYLYH 
Non-Ready 
Time 
1000 
ns 


TAVDV(6) 
Address 
Valid to Input Data Valid 
5Tosc-130 
ns 


TRLDV 
RD Active to Input Data Valid 
3Tosc-l00 
ns 


TRHDX 
Data Hold after RD Inactive 
0 
ns 


TRHDZ 
RD Inactive to Input Data Float 
0 
Tosc-20 
ns 


TAVGV(4)(6) 
Address 
Valid to BUSWIDTH 
Valid 
2 Tosc 
-135 
ns 


TLLGX(4) 
BUSWIDTH 
Hold after ALE/ ADV Low 
Tosc 
+ 10 
ns 


TLLGV(4) 
ALE/ ADV Low to BUSWIDTH 
Valid 
Tosc -70 
ns 


NOTES: 
1. If the 48-pin part is being used then this timing can be generated by assuming that the CLKOUT falling edge has occurred 
at 2Tosc+60 
(TLLCH(max) + TCHCL(max)) after the falling edge of ALE. 
4. Pins not bonded out on 48-pin parts. 
6. The term "Address Valid" applies to ADO-15, BHE and INST. 


Symbol 
Parameter 
Mln 
Max 
Units 


FXTAL 
Oscillator 
Frequency 
6.0 
10.0 
MHz 


Tosc 
Oscillator 
Period 
100 
166 
ns 


TOHCH 
XTAL 1 Rising Edge to Clockout 
Rising Edge 
0(4) 
120(4) 
ns 


TCHCH(4) 
CLKOUT 
Period(3) 
3Tosc(3) 
3Tosc(3) 
ns 


TCHCL(4) 
CLKOUT 
High Time 
" 
~~ 


Tosc-20 
Tosc+25 
ns 


TCLLH(4) 
CLKOUT 
Low to ALE High 
-10 
20 
ns 


TLLCH(4) 
ALE/ ADV Low to CLKOUT 
High 
Tosc-20 
Tosc+40 
ns 


TLHLL 
ALE/ ADV High Time 
Tosc-35 
Tosc+15(5) 
ns 


TAVLL(6) 
Address 
Setup to End of ALE/ ADV 
Tosc-65 
ns 


TRLAZ(7) 
RD or WR Low to Address 
Float 
25(8) 
ns 


TLLRL 
End of ALE/ ADV to RD or WR Active 
Tosc-20 
ns 


TLLAX(7) 
Address 
Hold after End of ALE/ ADV 
Tosc-20 
ns 


TWLWH 
WR Pulse Width 
3Tosc-35 
ns 


TQVWH 
Output Data Valid to End of WR/WRLlWRH 
3Tosc-65 
ns 


TWHQX 
Output Data Hold after WR/WRLlWRH 
Tosc-30 
ns 


TWHLH 
End of WR/WRL/WRH 
to ALE/ ADV High 
Tosc-55 
ns 


TRLRH 
RD Pulse Width 
3Tosc-30 
ns 


TRHLH 
End of RD to ALE/ ADV High 
Tosc-15 
ns 


TCLLL(4) 
CLOCKOUT 
Low to ALE/ ADV Low 
Tosc-40(8) 
Tosc + 20(8) 
ns 


TRHBX(4) 
RD High to INST, SHE, AD8-15 Inactive 
Tosc 
Tosc+30 
ns 


TWHBX(4) 
WR High to INST, SHE, AD8-15 
Inactive 
Tosc~45 
Tosc+30 
ns 


THLHH 
WRL, WRH Low to WRL, WRH High 
2Tosc-35 
2Tosc+20 
ns 


TLLHL 
ALE/ ADV Low to WRL, WRH Low 
2Tosc-20 
2Tosc+55 
ns 


TQVHL 
Output Data Valid to WRL, WRH Low 
Tosc-60 
ns 


NOTES: 
2. If more than one wait state is desired, add 3Tosc for each additional wait state. 
3. CLKOUT is directly generated as a divide by 3 of the oscillator. The period will be 3Tosc ± 10 ns if Tosc is constant and 
the rise and fall times on XTAL1 are less than 10 ns. 
4. Pins not bonded out on 48-pin parts. 
5. Max spec applies only to ALE. Min spec applies to both ALE and ADV. 
6. The term "Address Valid" applies to ADO-15, BHE and INST. 
7. The term" 
Address" in this definition applies to ADO-7 for 8-bit cycles, and ADO-15 for 16-bit cycles. 
8. Typical value. 


inter 


--~--------_. 
,, 
---_ ..-------- 


DATA OUT 


TQVWH -----I 


VALID 


TWLWH 


VALID 


NOTES: 
(1) 8·bit bus only. 
(2) 8·bit bus; or when 
write strobe 
mode selected. 
(3) When 
ADV selected. 


inter 


Symbol 
Parameter 
Mln 
Max 
Units 


TXLXL 
Serial Port Clock Period 
8Tose 
ns 


TXLXH 
Serial Port Clock Falling Edge to Rising Edge 
4Tose 
- 
50 
4Tose 
+ 50 
ns 


TQVXH 
Output Data Setup to Clock Rising Edge 
3Tose 
ns 


TXHQX 
Output Data Hold After Clock Rising Edge 
2Tose 
- 
50 
ns 


TXHQV 
Next Output Data Valid After Clock Rising Edge 
2Tose 
+ 50 
ns 


TDVXH 
Input Data Setup to Clock Rising Edge 
2Tose 
+210 
ns 


TXHDX 
Input Data Hold After Clock Rising Edge 
0 
ns 


TXHQZ 
Last Clock Rising to Output Float 
4Tose 
+ 100 
ns 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TolOl 
Oscillator 
Frequency 
6 
10 
MHz 


TOHOX 
High Time 
40 
ns 


TOlOX 
Low Time 
40 
ns 


TOLOH 
Rise Time 
• 
10 
ns 


TOHOl 
Fall Time 
10 
ns 


v+-y- 2.0> 
TESTPOINTS<2.0>C 
-.A 0.8 
0.8. 


0.45 
---------- 


270278-10 
A.C. Testing inputs are driven at2.4V for a logic "1" and 0.04SV 
for a logic "0". Timing measurements are made at 2.0V for a 
logic "1" and 0.8V for a logic "0". 


VlOAO+0.1SV 
VOH-0•1SV 


VLOAO 
TllolINGREFERENCE<=: 


--- 
POINTS 
VlOAD-O.15V 
VOl+O.15V 


270278-11 


For TIming Purposes a Port Pin is no Longer Floating when a 100 
mV change from load Voltage Occurs, and Begins to Float when 
a 100 mV change from the loaded VOHIVOL Level occurs lOLl 
IOH ;, 
±lS 
mA. 


AID 
Converter 
operation 
is verified 
only 
on 
the 


8097BH·10; 
8095BH-10. 


Vcc, VPD, VREF 
5.0V ±0.25V 


VSS, ANGND 
O.OV 


TA 
•...•.•..••.••.••••••••.••••••••• 
O·C to 70·C 


FosC8X9XBH-10 
6.0to 
10.0 MHz 


Test Conditions: 
VREF 
5.120V 


VCC 
5.0V 


The absolute 
conversion 
accuracy 
is dependent 
on 


the accuracy 
of VREF. The specifications 
given be- 


low assume 
adherence 
to the Operating 
Conditions 


section 
of these 
data 
sheets. 
Testing 
is done 
at 


VREF = 5.120V. 


Parameter 
Typlcal*(1) 
Minimum 
Maximum 
Units" 
Notes 


Resolution 
256 
256 
Levels 


8 
8 
Bits 


Absolute 
Error 
0 
±1 
LSBs 


Full Scale Error 
-0.5 
±0.5. 
LSBs 


Zero Offset Error 
±0.5 
LSBs 


Non-Linearity 
0 
±1 
LSBs 


Differential 
Non-Linearity 
0 
±0.5 
. 
LSBs 


Channel-to-Channel 
Matching 
0 
±0.1 
LSBs 


Repeatability 
±0.25 
LSBs 
1 


Temperature 
Coefficients: 


Offset 
0.003 
LSBI*C 
1 
Full Scale 
0.003 
LSBI*C 
1 
Differential 
Non-Linearity 
0.003 
LSBI*C 
1 


Off Isolation 
-60 
dB 
1,2,4 


Feedthrough 
-60 
dB 
1,2 


Vcc Power Supply Rejection 
-60 
dB 
1,2 


Input Resistance 
1K 
5K 
n 
1 


D.C. Input Leakage 
, 
. 


0 
3 
/LA 


Sample Delay 
3Tosc 
- 
50 
3Tosc + 50 
ns 
1,3 


Sample Time 
12Tosc 
- 
50 
12Tosc 
+ 50 
ns 
1 


Sample Capacitance 
~ 
2 
pF 
1 


NOTES: 
: 
• These 
values 
are expected 
for most parts at 2'S"C. 


•• An "LSB", 
as used here, is defined 
in the glossary 
which 
follows 
and has a value of approximately 
20 mY. 
1. These 
values 
are not tested 
in production 
and are based on theoretical 
estimates 
and/or 
laboratory 
tests. 
2. DC to 100 KHz. 
3. For starting 
the AID 
with an HSO Command. 


4. Multiplexer 
Break-Before-Make 
Guaranteed. 


ABSOLUTE ERROR-The 
maximum 
difference 
be- 
tween 
corresponding 
actual 
and 
ideal 
code 
tran- 


sitions. 
Absolute 
Error accounts 
for all deviations 
of 


an actual converter 
from an ideal converter. 


ACTUAL 
CHARACTERISTIC-The 
characteristic 


of an actual converter. 
The characteristic 
of a given 


converter 
may vary 
over temperature, 
supply 
volt- 


age, and frequency 
conditions. 
An actual character- 


istic rarely has ideal first and last transition 
locations 


or ideal code widths. 
It may even vary over multiple 


conversions 
under the same conditions. 


BREAK-BEFORE-MAKE- The property 
of a multi- 


plexer 
which 
guarantees 
that a previously 
selected 


channel 
will be deselected 
before 
a new channel 
is 


selected. 
(e.g. the converter 
will not short inputs to- 
gether.) 


CHANNEL-TO-CHANNEL MATCHING-The 
differ- 


ence between 
corresponding 
code transitions 
of ac- 


tual characteristics 
taken from different 
channels 
un- 


der the 
same 
temperature, 
voltage 
and 
frequency 


conditions. 


CHARACTERISTIC-A 
graph 
of input voltage 
ver- 


sus the resultant 
output 
code for an AID 
converter. 
It describes 
the transfer 
function 
of the AID 
convert- 


er. 


CODE-The 
digital value output 
by the converter. 


CODE CENTER-The 
voltage 
corresponding 
to the 


midpoint 
between 
two adjacent 
code transitions. 


CODE TRANSITION-The 
point at which 
the con- 


verter changes 
from an output code of Q, to a code 


of Q + 1. The input voltage 
corresponding 
to a code 


transition 
is defined 
to 
be 
that 
voltage 
which 
is 


equally 
likely 
to 
produce 
either 
of 
two 
adjacent 


codes. 


CODE WIDTH-The 
voltage 
corresponding 
to the 


difference 
between 
two adjacent 
code transitions. 


DIFFERENTIAL NON-LINEARITY- The 
difference 


between 
the ideal and actual code widths 
of the ter- 


minal based characteristic. 
. 


FEEDTHROUGH-Attenuation of a voltage 
applied 


on the selected 
channel 
of the AID 
Converter 
after 


the sample 
window 
closes. 


FULL SCALE ERROR-The 
difference 
between 
the 


expected 
and actual 
input voltage 
corresponding 
to 


the full scale code transition. 


IDEAL CHARACTERISTIC-A 
characteristic 
with 


its first 
code 
transition 
at VIN = 0.5 LSB, 
its last 


code transition 
at VIN = (VREF - 
1.5 LSB) and all 


code widths 
equal to one LSB. 


INPUT RESISTANCE-The 
effective 
series 
resist- 


ance from the analog input pin to the sample capaci- 
tor. 


LSB-Least 
Significant Bit: The 
voltage 
corre- 


sponding 
to 
the 
full 
scale 
voltage 
divided 
by 2", 


where 
n is the number 
of bits of resolution 
of the 


converter. 
For an 8-bit converter 
with 
a reference 


voltage of 5.12V, one LSB is 20 mV. Note that this is 
different 
than 
digital 
LSBs, since 
an uncertainty 
of 


two LSB, when referring 
to an AID 
converter, 
equals 


40 mV. (This has been confused 
with an uncertainty 


of two digital bits, which would mean four counts, 
or 


80 mV.) 


MONOTONIC-The 
property 
of successive 
approxi- 


mation 
converters 
which guarantees 
that increasing 


input voltages 
produce 
adjacent 
codes of increasing 


value, 
and that 
decreasing 
input voltages 
produce 


adjacent 
codes of decreasing 
value. 


NO MISSED CODES-For 
each 
and 
every 
output 


code, 
there 
exists 
a 
unique 
input 
voltage 
range 


which produces 
that code only. 


NON-L1NEARITY- The maximum 
deviation 
of code 


transitions 
of the terminal 
based characteristic 
from 


the corresponding 
code transitions 
of the ideal char- 


acteristic. 


intJ 


OFF·ISOLATION-Attenuation of a voltage applied 
on a deselected channel of the AID converter. (Also 
referred to as Crosstalk.) 


REPEATABILITY-The 
difference between corre- 


sponding code transitions from different actual char- 
acteristics taken from the same converter on the 
same channel at the same temperature, voltage and 
frequency conditions. 


RESOLUTION-The 
number of input voltage levels 


that the converter can unambiguously distinguish 
between. Also defines the number of useful bits of 
information which the converter can return. 


SAMPLE DELAY-The 
delay from receiving the 


start conversion signal to when the sample window 
opens. 


SAMPLE DELAY UNCERTAINTY-The 
variation in 


the sample delay. 


SAMPLE TIME-The 
time that the sample window 


is open. 


SAMPLE TIME UNCERTAINTY-The 
variation in 


the sample time. 


SAMPLE WINDOW-Begins 
when the sample ca- 


pacitor is attached to a selected channel and ends 
when the sample capacitor is disconnected from the 
selected channel. 


SUCCESSIVE APPROXIMATION-An 
AID 
conver- 


sion method which uses a binary search to arrive at 
the best digital representation of an analog input. 


TEMPERATURE COEFFICIENT~hange 
in the 


stated variable per degree centigrade temperature 
change. Temperature coefficients are added to the 
typical values of a specification to see the effect of 
temperature drift. 


TERMINAL BASED CHARACTERISTIC-An 
actual 


characteristic which has been rotated and translated 
to remove zero offset and full scale error. 


Vcc REJECTION-Attenuation of noise on the Vcc 
line to the AID 
converter. 


ZERO OFFSET-The 
difference between the ex- 


pected and actual input voltage corresponding to 
the first code transition. 


Functional deviations from the 809XBH on the 
809XBH-10. 


CPU Section 
1. Indexed, 3 Operand Multiply-The 
displacement 


portion of an indexed, three operand multiply 
may not be in the range of 200H thru 17FFH 
inclusive, on 8X9XBH-10 parts. If you must use 
these displacements, do an indexed, two oper- 
and multiply and a move if necessary. 
2. JBS, JBC- The JBS and JBC instructions should 


not be used directly on Port 2.1 or Port O. If it is 
necessary to test Port 2.1 or Port 0, the entire 
port should be loaded into a temporary register, 
and the bit tested there. 


3. 
STicky Flag-The 
STicky flag is not affected 


when a shift by 0 is executed on 8X9XBH-10 
parts. 


4. Auto Increment Indirect, 3 Word Multiply-The 


use of these instructions may result in the loss of 
Special Function Register contents. Use an LD 
instruction and a 2 Word Multiply with Auto Indi- 
rect Addressing Mode. 


5. 
High Current on Power Up. Ice may be up to 500 
mA before the oscillator starts. 


• 
839X: an 809X with 8 Kbytes of On- 
Chip ROM 


• 
High Speed Pulse I/O 


• 
10-Bit A/D Converter 


• 
6.25 IJ-s16 x 16 Multiply 


• 
6.25 IJ-s32/16 Divide 


• 
8 Interrupt 
Sources 


• 
Pulse-Width Modulated Output 


• 
232 Byte Register File 


• 
Memory-to-Memory 
Architecture 


• 
Full Duplex Serial Port 


• 
Five 8-Blt I/O Ports 


• 
Watchdog Timer 
• 
Four 16-Bit Software Timers 


The MCSqI)-96 family of 16-bit microcontrollers 
consists 
of many members, 
all of which are designed 
for high- 
speed 
control 
functions. 
Members 
with the" 
- 90" suffix are described 
in this data sheet. 


The 
CPU supports 
bit, byte, 
and word 
operations. 
32-bit 
double-words 
are supported 
for a subset 
of the 
instruction 
set. With a 12 MHz input frequency 
the 8096 can do a 16-bit addition 
in 1.0 JLs and a 16 x 16-bit 
multiply 
or 32/16-bit 
divide in 6.25 JLs. Instruction 
execution 
times average 
1 to 2 JLs in typical 
applications. 


Four high-speed 
trigger inputs are provided 
to record the times at which external 
events occur. Six high-speed 
pulse generator 
outputs 
are provided 
to trigger 
external 
events 
at present 
times. The high-speed 
output 
unit 
can simultaneously 
perform 
timer functions. 
Up to four such 
16-bit Software 
Timers 
can be in operation 
at 
once. 


An on-chip 
AID 
Converter 
converts 
up to 4 (in the 48-pin version) 
or 8 (in the 68-pin 
version) 
analog 
input 
channels 
to 10-bit digital values. This feature is only available 
on the 8095-90/8395-90 
and 8097-90/8397-90. 
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Figure 1 shows a block diagram of the MCS-96 
parts, generally referred to as the 8096. The 8096 is 
available in 48-pin and 68-pin packages, with and 
without AID, 
and with and without on-chip ROM. 


The MCS-96 numbering system is shown below: 


Options 
6S-Pln 
4S·Pin 


Digital 
ROMLESS 
8096-90 


I/O 
ROM 
8396-90 


Analog 
ROMLESS 
8097-90 
8095-90 


and 
Digital 
ROM 
8397-90 
8395-90 
I/O 


Figures 2, 3 and 4 show the pinouts for the 48- and 
68-pin packages. The 48-pin version is offered in a 
Dual-In-Line package 
while 
the 
68-pin 
version 


comes in a Plastic Leaded Chip Carrier and a Pin 
Grid Array. 
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Figure 3. 6S-Pin PLCC Package 


inter 
809X-90, 839X-90 
~l?J~I!..OIMJOOO~OOW 


Pins Facing 
Down 


17 
15 
13 
11 
9 
7 
5 
3 
1" 
18 
19 
16 
14 
12 
10 
8 
6 
4 
2 
68 


20 
21 
67 
66 


22 
23 
MCS~-96 
65 
64 


24 
25 
68-PIN 
63 
62 
GRID ARRAY 
26 
27 
61 
60 


28 
29 
TOP VIEW 
59 
58 
Looking Down on 
30 
31 
Component Side 
57 
56 


32 
33 
of PC Board. 
55 
54 


34 
36 
38 
40 
42 
44 
46 
48 
50 
53 
52 
35 
37 
39 
41 
43 
45 
4' 
49 
51 
270014-4 


Figure 4. Pin Grid Array 


PGA 
PLCC 
Description 
PGA 
PLCC 
Description 
PGA 
PLCC 
Description 


1 
9 
ACH7/PO.7 
24 
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AD6/P3.6 
47 
31 
P1.6 
2 
8 
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25 
53 
AD7/P3.7 
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30 
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3 
7 
ACH2/PO.2 
26 
52 
AD8/P4.0 
49 
29 
HSO.1 
4 
6 
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27 
51 
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28 
50 
AD10/P4.2 
51 
27 
HSO.5/HSI.3 
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The following section is an overview of the 8096, the 
generic part number used to refer to the entire 
MCS-96 product family. Additional information is 
available in the Microcontroller Handbook, order 
number 210918. 


The 8096 has 64 Kbyte addressability and uses the 
same address space for both program • 
data 


memory, except in the address range from OOH 
through OFFH.Data fetches in this range are always 
to the Register File, while instruction fetches from 
these locations are directed to ex1ernal memory. 
(Locations OOHthrough OFFH in ex1ernal memory 
are reserved for Intel development systems.) 


Within the Register File, locations OOHthrough 17H 
are register mapped I/O control registers, also re- 
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ferred to as Special Function Registers (SFRs). The 
rest of the Register File (018H through OFFH) con- 
tains 232 bytes of RAM, which can be referenced as 
bytes, words, or double-words. This register space 
allows the user to keep the most frequently-used 
variables in on-chip RAM, which can be accessed 
faster 
than 
ex1ernal memory. 
Locations 
OFOH 


through OFFHcan be preserved during power down 
if power is applied to the VPD pin. 


Outside of the register file, program memory, data 
memory, and peripherals can be intermixed. The ad- 
dresses with special significance are: 


0000H-Q017H 
0018H-Q019H 
1FFEH-1 FFFH 
2000H-2011 H 
2012H-207FH 
2080H 


Register-mapped I/O (SFRs) 
Stack Pointer 
Ports 3 and 4 
Interrupt Vectors 
Factory Test Code 
Reset Location 


EXTERNAL 
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The 839x carries 8 Kbytes of on-chip ROM, occupy- 
ing addresses 2000H through 3FFFH. Instruction or 
data fetches from these addresses access the on- 
chip ROM if the EA pin is externally held at a 
logical 1. If the EA pin is at a logical 0 these address- 
es access off-chip memory. 


A memory map for the MCS-96 product family is 
shown in Figure 5. 


The RALU (Register/ ALU) section consists of a 17· 
bit ALU, the Program Status Word, the Program 
Counter, and several temporary registers. A key fea- 
ture of the 8096 is that it does not use an accumula- 
tor. Rather, it operates directly on any register in the 
Register File. Being able to operate directly on data 
in the Register File without having to move it into 
and out of an accumulator results in a significant 
improvement in execution speed. 


In addition to the normal arithmetic and logical func- 
tions, the MCS-96 instruction set provides the fol- 
lowing special features: 


6.25 IJ-sMultiply and Divide 
Multiple Shift Instructions 


3 Operand Instructions 
Normalize Instruction 
Software Reset Instruction 


All operations on the 8096 take place in a set num- 
ber of "State Times." The 8096 uses a three-phase 


LHITOLO 
___ -'r LOTOHI 


...Il.J1...f1.I 


EYEIIY EIGHTH I'08ITIVE 
TlWlIlT10N 


Internal CloCK,so each state time IS::J OSCillatorpen- 
ods. With a 12 MHz clock, each state time requires 
0.25 microseconds. 


The HSIO unit consists of the High Speed Input Unit 
(HSI),the High Speed Output Unit (HSO), one coun- 
ter and one timer. "High Speed" denotes that the 
units can perform functions related to the timers 
without ,CPU intervention. The HSI records times 
wherwents 
occur and the HSO triggers events at 


prepr'U'grammedtimes. 
i 


All actions within the HSIO unit are synchronized to 
the timers. The two 16-bit timer/counter registers in 
the HSIO unit are cleared on chip reset and can be 
programmed to generate an interrupt on overflow. 
The Timer 1 register is automatically incremented 
every 8 state times (every 2.0 microseconds, with a 
12 MHz clock). The Timer 2 register can be pro- 
grammed to count transitions on either the T2CLK 
pin or HSI.1 pin. It is incremented on both positive 
and negative edges of the selected input line. In ad- 
dition to being cleared by reset, Timer 2 can also be 
cleared in software or by signals from input pins 
T2RST or HS1.0. Neither of these timers is required 
for the watchdog timer or the serial port. 


The High Speed Input (HSI) unit can detect tran- 
sitions on any of its 4 input lines. When one occurs it 
records the time (from Timer 1) and which input lines 
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made the transition. This information is recorded 
with 2 microsecond resolution and stored in an 8- 
level FIFO. The unit can be programmed to look for 
four types of events, as shown in Figure 6. It can 
activate the HSI Data Available interrupt either when 
the Holding Registers is loaded or the 6th FIFO en- 
try has been made. Each input line can be individual- 
ly enabled or disabled to the HSI unit by software. 


The High Speed Output (HSO) unit is shown in Fig- 
ure 7. It can be programmed to set or clear any of its 
6 output lines, reset Timer 2, trigger an AID conver· 
sion, or set one of 4 Software Timers flags at a pro- 
grammed time. An interrupt can be enabled for any 
of these events. Either Timer 1 or Timer 2 can be 
referenced for the programmed time value and up to 
8 commands for preset actions can be stored in the 
CAM (Content Addressable Memory) file at anyone 
time. As each action is carried out at its preset time 
that command is removed from the CAM making 
space for another command. HSO.4 and HSO.5 are 
shared with the HSI unit as HSI.2 and HSI.3, and can 
be individually enabled or disabled as outputs. 


Standard 
110 Ports 


There are 58-bit I/O ports on the 8096 in addition to 
the High Speed I/O lines. 


Port 0 is an input-only port which shares its pins with 
the analog inputs to the AID Converter. The port 


can be read digitally and/or, by writing to the AID 
Command Register, one of the lines can be selected 
as the input to the AID Converter. 


Port 1 is a quasi-bidirectional I/O 
port. "Quasi- 


bidirectional" means the port pin has a weak internal 
pullup that is always active and an internal pulldown 
which can either be on (to output a 0) or off (to out- 
put a 1). This configuration allows the pin to be used 
as either an input or an output without using a data 
direction register. In parallel with the weak internal 
pullup, is a much stronger internal pullup that is actio 
vated for one state time when the pin is internally 
driven from 0 to 1. This is done to speed up the O-to- 
1 transition time. 


Port 2 is multi-functional port. Two of the pins are 
quasi-bidirectional 
while 
the 
remaining 
six 
are 


shared with other functions in the 8096, as shown 
below: 


Port 
Function 
Alternate 
Function 


P2.0 
output 
TXD (serial port transmit) 


P2.1 
input 
RXD (serial port receive) 


P2.2 
input 
EXTINT (external interrupt) 


P2.3 
input 
T2CLK (Timer 2 clock) 


P2.4 
input 
T2RST (Timer 2 reset) 


P2.5 
output 
PWM (pulse-width modulation) 


inter 


Ports 3 and 4 are bi-directional 1/0 ports with open 
drain outputs. These pins are also used as the multi- 
plexed addressl data bus when accessing external 
memory, in which case they have strong internal 
pullups. The internal pullups are only used during 
external memory read or write cycles when the pins 
are outputting address or data bits. At any other 
time, the internal pullups are disabled. 


The serial port is compatible with the MCS@-51fami- 
ly (8051, 8031 etc.) serial port. It is full duplex, and 
receive-buffered. There are 3 asynchronous modes 
and 1 synchronous mode of operation for the serial 
port. The asynchronous modes allow for 8 or 9 bits 
of data with even parity optionally inserted for one of 
the data bits. Selective interrupts based on the 9th 
data bit are available to support interprocessor com- 
munication. 


Baud rates in all modes are determined by an inde- 
pendent 16·bit on-chip baud rate generator. Either 
the XTAL 1 pin or the T2CLK pin can be used as the 
input to the baud rate generator. The maximum baud 
rate in the asynchronous mode is 187.5 KBaud. 


Pulse Width Modulator 
(PWM) 


The PWM output shares a pin with port bit P2.5. 
When the PWM output is selected, this pin outputs a 
pulse train having a fixed period of 256 state times, 
and a programmable width of 0 to 255 state times. 
The width is programmed by loading the desired val- 
ue, in state times, to the PWM Control Register. 


The analog-to-digital converter is a 10-bit, succes- 
sive approximation converter. It has a fixed conver- 
sion time of 168 state times, (42 microseconds with 
a 12 MHz clock). The analog input must be in the 
range of 0 to VREF (normally, VREF = 5V). This 
input can be selected from 8 analog input lines, 
which connect to the same pins as Port O.A conver- 
sion can be initiated either by setting a control bit in 
the AID Command register, or by programming the 
HSO unit to trigger the conversion at some specified 
time. 


The 8096 has 20 interrupt sources which vector 
through 8 locations. A 0-to-1 transition from any of 
the sources sets a corresponding bit in the Interrupt 


Pending register. The content of the Interrupt Mask 
register determines if a pending interrupt will be 
serviced or not. if it is to be serviced, the CPU 
pushes the current program counter onto the stack 
and reloads it with the vector corresponding to the 
desired interrupt. The interrupt vectors are located in 
addresses 2000H through 2011H, as shown in Fig- 
ure 8. 


Vector 
Location 


Source 
(High 
(Low 
Priority 
Byte) 
Byte) 


Software 
2011H 
2010H 
Not Applicable 


Extint 
200FH 
200EH 
7 (Highest) 


Serial Port 
200DH 
200CH 
6 


Software 
200BH 
200AH 
5 


Timers 
HSI.O 
2009H 
2008H 
4 


High Speed 
2007H 
2006H 
3 


Outputs 
HSI Data 
2005H 
2004H 
2 


Available 
AID Conversion 2003H 
2002H 
1 


Complete 
Timer Overflow 
2001H 
2000H 
o (Lowest) 


At the end of the terminal routine the RET instruction 
pops the program counter from the stack and execu- 
tion continues where it left off. It is not necessary to 
store and replace registers during interrupt routines 
as each routine can be set up to use a different sec- 
tion of the register file. This feature of the architec- 
ture provides for very fast context switching. 


While the 8096 has a single priority level in the 
sense that any interrupt may be itself be interrupted, 
a priority structure exists for resolving simultaneous- 
ly pending interrupts, as indicated in Figure 8. Since 
the interrupt pending and interrupt mask registers 
can be manipulated in software, it is possible to dy- 
namically alter the interrupt priorities to suit the us- 
ers' software. 


The watchdog timer is a 16-bit counter which, once 
started, is incremented every state time. After 16 
milliseconds, if not cleared, it will overflow, pulling 
down the RESET pin for two state times, causing the 
system to be reinitialized. This feature is provided as 
a means of graceful recovery from a software upset. 
The counter must be cleared by the software before 
it overflows, or else the system assumes an upset 
has occurred and activates RESET. 


intJ 


RAM standby supply voltage (5V). This voltage must 
be present during normal operation. In a Power 
Down condition (I.e.,VCC drops to zero), If RESET is 
activated before VCC drops below spec and VPD 
continues to be held within spec, the top 16 bytes in 
the Register File will retain their contents. RESET 
must be held low during the Power Down and should 
not be brought high until VCC is within spec and the 
oscillator has stablized. 


Reference voltage for the AID converter (5V).VREF 
is also the supply voltage to the analog portion of 
the AID converter and the logic used to read Port 0 
as digital input. 


Reference ground for the AID converter. Should be 
held at nominally the same potential as VSS. 


Substrate voltage from the on-chip back-bias gener- 
ator. This pin should be connected to ANGND 
through a 0.01 ILf capacitor (and not connected to 
anything else). 


Input of the oscillator inverter and of the internal 
clock generator. 


Output of the internal clock generator. The frequen- 
cy of CLKOUT is Va the oscillator frequency. It has a 
33% duty cycle. 


Reset input to the chip. Input low for at least 2 state 
times to reset the chip. The subsequent low-to-high 
transition re-synchronizes CLKOUT and commenc- 
es a 10-state-time sequence in which the PSW is 
cleared and a jump to address 2080H is executed. 
Input high for normal operation. RESET has an inter- 
nal pullup. 


Input low enables a factory test mode. The user 
should tie this pin to VCC for normal operation. 


A positive transition clears the watchdog timer, and 
causes a vector to external memory location OOOOH. 
External memory from OOHthrough OFFH is re- 
served for Intel development systems. 


Output high during an external memory read indi- 
cates the read is an instruction fetch. INST needs to 
be latched on the falling edge of ALE. 


Input for memory select (External Access). EA = 1 
causes 
memory 
accesses 
to 
locations 
2000H 


through 3FFFH to be directed to on-chip ROM. EA 
= 0 causes accesses to these locations to be di- 
rected to off-chip memory. EA has an internal pull- 
down, so it goes to 0 unless driven to 1. EA is not 
latched internally during RESET. 


Address Latch Enable output. ALE is activated only 
during external memory accesses. It is used to latch 
the address from the multiplexed address/data bus, 
and is placed in a low condition during reset. 


Read signal output to external memory. AD is acti- 
vated only during external memory reads. 


Write signal output to external memory. WR is acti- 
vated only during external memory writes. 


Bus High Enable signal output to external memory. 
BHE = 0 selects the bank of memory that is con- 
nected to the high byte of the data bus. AO = 0 
selects the bank of memory that is connected to the 
low byte of the data bust. Thus accesses to a 16-bit 
wide memory can be to the low byte only (AO = 0, 
BHE = 1), to the high byte only (AO = 1, BHE = 0), 
or to both bytes (AO = 0, BHE = 0). BHE is activat- 
ed only when required during accesses to external 
memory. BHE can be ignored during read opera- 
tions. This pin must be latched on the falling edge of 
ALE. 


The READY input is used to lengthen external mem- 
ory bus cycles, for interfacing to slow or dynamic 
memory, or for bus sharing. If the pin is high CPU 
operation continues in a normal manner. If the pin is 
low prior to the first rising edge of CLKOUT after 
ALE, the Memory Controller goes into a wait mode 
until the next negative transition in CLKOUT after 
ALE occurs with READY high. The bus cycle can be 
lengthened by up to 1 Iks.When the external memo- 
ry bus is not being used, READY has no effect. 
READY has a weak internal pullup, so it goes to 1 
unless externally pulled low. 


Inputs to High Speed Input Unit. Four HSI pins are 
available: HSI.O, HSI.1, HSI.2, and HSI.3. Two of 
them (HSI.2 and HSI.3) are shared with the HSO 
Unit. 


Outputs from High Speed Output Unit. Six HSO pins 
are available: HSO.O,HSO.1, HSO.2, HSO.3, HSO.4, 
and HSO.5. Two of them (HSO.4 and HSO.5) are 
shared with the HSI Unit. 


8-bit high impedance input-only port. These pins can 
be used as digital inputs and/or as analog inputs to 
the on-chip AID converter. 


8-bit multi·functional port. Six of its pins are shared 
with other functions in the 8096, the remaining 2 are 
quasi-bidirectional. 


8-bit bi-directionall/O 
ports with open drain outputs. 


These pins are shared with the multiplexed address/ 
data bus which has strong internal pullups. 


The 8096 instruction set makes use of six address- 
ing modes as described below: 


DIRECT-The 
operand is specified by an 8-bit ad· 


dress field in the instruction. T,heoperand must be in 
the Register File or SFR space (locations OOOOH 
through OOFFH). 


IMMEDIATE-The 
operand itself follows the op- 


code in the instruction stream as immediate data. 
The immediate data can be either 8-bits or 16-bits as 
required by the opcode. 


INDIRECT-An 
8-bit address field in the instruction 


gives the address of a word register in the Register 
File which contains the 16-bit address of the oper- 
and. The operand can be anywhere in memory. 


INDIRECT WITH AUTO·INCREMENT-8ame 
as 


Indirect, except that, after the operand is referenced, 
the word register that contains the operand's ad- 
dress is incremented by 1 if the operand is a byte, or 
by 2 if the operand is a word. 


INDEXED-The 
instruction contains an 8-bit ad- 


dress field and either an 8-bit or a 16-bit displace- 
ment field. The 8-bit address field gives the address 
of a word register in the Register File which contains 
a 16-bit base address. The 8- or 16-bit displacement 
field contains a signed displacement that will be 
added to the base address to produce the address 
of the operand. The operand can be anywhere in 
memory. 


The 8096 contains a Zero Register at word address 
OOOOH(and which contains OOOOH).This register is 
available for performing comparisons and for use as 
a base register in indexed addressing. This effective- 
ly provides direct addressing to all 64K of memory. 


In the 8096, the Stack Pointer is at word address 
0018H in the Register File. If the 8·bit address field 
in an indexed instruction contains 18H, the Stack 
Pointer becomes the base register. This allows di- 
rect accessing of variables in the stack. 


The following tables list the MCS-96 instructions, 
their opcodes, and execution times. 


Mnemonic 
Oper- 
Operation 
(Note 1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


ADD/ADDB 
2 
D-D+A 
~ 
~ 
~ 
~ 
t 
- 


ADD/ADDB 
3 
D-B+A 
~ 
~ 
~ 
~ 
t 
- 


ADDC/ADDCB 
2 
D - 
D + A +C 
J, 
~ 
~ 
~ 
t 
- 


SUB/SUBB 
2 
D-D-A 
~ 
~ 
~ 
~ 
t 
- 


SUB/SUBB 
3 
D-B-A 
~ 
~ 
~ 
~ 
t 
- 


SUBC/SUBCB 
2 
D-D-A+C-1 
J, 
~ 
~ 
~ 
t 
- 


CMP/CMPB 
2 
D-A 
~ 
~ 
~ 
~ 
t 
- 


MUL/MULU 
2 
D,D + 2 - 
D' A 
- - - - 
- 
? 
2 


MUL/MULU 
3 
D,D + 2 - 
B' A 
- 
- 
- 
- 
- 
? 
2 


MULB/MULUB 
2 
D,D + 1 - 
D' A 
- 
- 
- 
- 
- 
? 
3 


MULB/MULUB 
3 
D,D + 1 - 
B' A 
- 
- - 
- 
- 
? 
3 


DIVU 
2 
D - 
(D, D + 2)/ A, D + 2 - 
remainder 
- 
- 
- 
~ 
t 
- 
2 


DIVUB 
2 
D - 
(D, D + 1)/A, D + 1 - 
remainder 
- 
- 
- 
~ 
t 
- 
3 


DIV 
2 
D - 
(D, D + 2)/ A, D + 2 - 
remainder 
- 
- 
- 
? 
t 
- 
2 


DIVB 
2 
D - 
(D, D + 1)/A, D + 1 - 
remainder 
- 
- 
- 
? 
t 
- 
3 


AND/ANDB 
2 
D - 
DandA 
~ 
~ 
0 
0 
- 
- 
AND/ANDB 
3 
D - 
BandA 
~ 
~ 
0 
0 
- 
- 
OR/ORB 
2 
D - 
DorA 
~ 
~ 
0 
0 
- 
- 
XOR/XORB 
2 
D - 
D (excl. or) A 
~ 
~ 
0 
0 
- 
- 
LD/LDB 
2 
D-A 
- 
- - - 
- 
- 
ST/STB 
2 
A-D 
- 
- 
- 
- 
- 
- 
LDBSE 
2 
D-A;D+1 
- 
SIGN(A) 
- 
- 
- 
- 
- 
- 
3,4 


LDBZE 
2 
D-A;D+1 
-0 
- 
- 
- - - 
- 
3,4 


PUSH 
1 
SP - 
SP - 2; (SP) - 
A 
- 
- 
- - - 
- 
POP 
1 
A - 
(SP);SP - 
SP + 2 
- 
- 
- 
- 
- 
- 
PUSHF 
0 
SP - 
SP - 2; (SP) - 
PSW; 
0 
0 
0 
0 
0 
0 
PSW - 
OOOOH 
1-0 


POPF 
0 
PSW - 
(SP);SP - 
SP + 2; 
I-~ 
~ 
~ 
~ 
~ 
~ 
~ 


SJMP 
1 
PC - 
PC + 11-bit offset 
- 
- 
- 
- 
- 
- 
5 


LJMP 
1 
PC - 
PC + 16-bit offset 
- 
- 
- - 
- 
- 
5 


BR (indirect) 
1 
PC - 
(A) 
- 
- 
- 
- 
- 
- 
SCALL 
1 
SP - 
SP - 2; (SP) - 
PC; 
- - 
- - 
- 
- 
5 
PC - 
PC + 11-bit offset 


LCALL 
1 
SP - 
SP - 2; (SP) - 
PC; 
- 
- 
- 
- 
- 
- 
5 
PC - 
PC + 16-bit offset 
RET 
0 
PC - 
(SP);SP - 
SP + 2 
- 
- 
- 
- 
- 
- 
J (conditional) 
1 
PC - 
PC + 8-bit offset (if taken) 
- 
- - 
- 
- 
- 
5 


JC 
1 
JumpifC = 1 
- 
- 
- 
- 
- - 
5 
JNC 
1 
JumpifC = 0 
- 
- 
- 
- 
- 
- 
5 


JE 
1 
JumpifZ = 1 
- - - 
- 
- 
- 
5 


NOTES: 
1. If the mnemonic ends in "B", a byte operation is performed, otherwise a word operation is done. Operands D, B, and A 
must conform to the alignment rules for the required operand type. D and B are locations in the register file; A can be 
located anywhere in memory. 
2. D, D + 2 are consecutive WORDS in memory; D is DOUBLE-WORD aligned. 
3. D, D + 1 are consecutive BYTES in memory; D is WORD aligned. 
4. Changes a byte to a word. 
5. Offset is a 2's complement number. 


inter 


Mnemonic 
Oper- 
Operation 
(Note 
1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


JNE 
1 
JumpifZ 
= 0 
- 
- - - 
- - 
5 


JGE 
1 
Jump if N = 0 
- - - - - 
- 
5 


JLT 
1 
Jump if N = 1 
- - - - 
- 
- 
5 


JGT 
1 
Jump if N = 0 and Z = 0 
- - 
- 
- 
- 
- 
5 


JLE 
1 
Jump if N = 1 orZ = 1 
- - - - - 
- 
5 


JH 
1 
Jump if C = 1 and Z = 0 
- - - 
- 
- 
- 
5 


JNH 
1 
Jump if C = 0 or Z = 1 
- - - - 
- 
- 
5 


JV 
1 
Jump if V = 1 
- - - - - 
- 
5 


JNV 
1 
Jump if V = 0 
- - - - 
- 
- 
5 


JVT 
I 
1 
Jump if VT = 1; Clear VT 
- 
- 
- - 
0 
- 
5 


JNVT 
1 
Jump if VT = 0; Clear VT 
- - - - 
0 
- 
5 


JST 
1 
JumpifST 
= 1 
- - 
- 
- 
- 
- 
5 


JNST 
1 
JumpifST 
= 0 
- - - - 
- 
- 
5 


JSS 
3 
Jump if Specified 
Sit = 1 
- - - - 
- 
- 
5,6 


JSC 
3 
Jump if Specified 
Sit = 0 
- - - - 
- 
- 
5,6 


OJNZ 
1 
0- 
0-1;ifO","Othen 
PC - 
PC + 8-bit offset 
- - - - 
- 
- 
5 


OEC/OECS 
1 
0-0-1 
" " " " 
i 
- 


NEGINEGS 
1 
0-0-0 
" " " " 
i 
- 


INC/INCS 
1 
0- 
0+ 
1 
" " " " 
i 
- 


EXT 
1 
0- 
0;0+2 
- 
Sign (D) 
" " 
0 
0 
- 
- 
2 


EXTS 
1 
o - 
0; 0 + 
1 - 
Sign (D) 
" " 
0 
0 
- 
- 
3 


NOTINOTS 
1 
o - 
Logical 
Not (D) 
" " 
0 
0 
- 
- 


CLR/CLRS 
1 
0-0 
1 
0 
0 
0 
- 
- 


SHL/SHLS/SHLL 
2 
C - 
msb-----Isb 
- 
0 
" 
? " " 
i 
- 
7 


SHRISHRS/SHRL 
2 
0-+ 
msb-----Isb 
_+ 
C 
" 
? 
" 
0 
- 
" 
7 


SHRA/SHRAS/SHRAL 
2 
msb 
-+ 
msb-----Isb 
-+ 
C 
" " " 
0 
- " 
7 


SETC 
0 
C-1 
- 
- 
1 - - 
- 


CLRC 
0 
C-O 
- - 
0 
- - 
- 


CLRVT 
0 
VT 
- 
0 
- 
- 
- 
- 
0 
- 


RST 
0 
PC - 
2080H 
0 
0 
0 
0 
0 
0 
8 


01 
0 
Disable All Interrupts 
(I - 
0) 
- - - - 
- 
- 


EI 
0 
Enable All Interrupts 
(I - 
1) 
- 
- 
- 
- 
- 
- 


NOP 
0 
PC-PC+1 
- 
- 
- 
- - 
- 


SKIP 
0 
PC-PC+2 
- 
- 
- 
- 
- 
- 


NORML 
2 
Left Shift Till rnsb = 1; 0 
- 
shift count 
" 


? 
0 
- 
- 
- 
7 


TRAP 
0 
SP 
- 
SP - 
2; (SP) 
- 
PC 
PC - 
(201OH) 
- 
- - - 
- 
- 
9 


NOTES: 
1. If the mnemonic 
ends 
in "S", 
a byte operation 
is performed, 
otherwise 
a word 
operation 
is done. 
Operands 
0, S, and A 
must 
conform 
to the 
alignment 
rules 
for the 
required 
operand 
type. 
0 and 
S are locations 
in the 
register 
file; 
A can 
be 
located 
anywhere 
in memory. 


5. Offset 
is a 2's complement 
number. 
6. Specified 
bit is one of the 2048 bits in the register 
file. 
7. The "L" 
(Long) 
suffix indicates 
double-word 
operation. 
B. Initiates 
a Reset 
by pUlling 
RESET 
low. 
Software 
should 
re-initialize 
all the 
necessary 
registers 
with 
code 
starting 
at 
2080H. 
9. The assembler 
will not accept 
this mnemonic. 


inter 


DIRECT 
IMMEDIATE 
INDIRECT0 
. 
INDEXED0 


NORMAL 
AUTO-INC. 
SHORT 
LONG 


(.) 
U) 
z 
cz 
w 
w 
w 
8U) 
w 
0 
C 
C 
U) 
C 
U) 
C 
U) 
U) 8U) 
c 
U) 
8U) 
U) 8U) 
~ 
a:: 
0 
w 
wU) 
0 
w 
wU) 
0 
w 
Ww 
w 
Ww 
0 
w 
Ww 
w 
Ww 
w 
w 
(.) !; 
~w 
(.) !; 
~w 
(.) !; 
~~ 
!; 
~~ 
(.) !; 
~~ 
!; ~~ 
Z 
A- 
A- 
I-"! 
A- 
I-"! 
A- 
I-"- 
t;i= 
A- 
t;i= 
t;i= 
~ 
0 
0 
ID 
U)~ 
0 
ID 
U)~ 
0 
ID 
U)~ 
ID 
0 
ID 
ID 


ARITHMETIC 
INSTRUCTIONS 


ADD 
2 
64 
3 
4 
65 
4 
5 
66 
3 
6/11 
3 
7/12 
67 
4 
6/11 
5 
7/12 


ADD 
3 
44 
4 
5 
45 
5 
6 
46 
4 
7/12 
4 
8/13 
47 
5 
7/12 
6 
8/13 


AOOB 
2 
74 
3 
4 
75 
3 
4 
76 
3 
6/11 
3 
7/12 
77 
4 
6/11 
5 
7/12 


AOOB 
3 
54 
4 
5 
55 
4 
5 
56 
4 
7/12 
4 
8/13 
57 
5 
7/12 
6 
8/13 


AODC 
2 
A4 
3 
4 
AS 
4 
5 
A6 
3 
6/11 
3 
7112 
A7 
4 
6/11 
5 
7/12 


AOOCB 
2 
B4 
3 
4 
B5 
3 
4 
B6 
3 
6/11 
3 
7112 
B7 
4 
6/11 
5 
7/12 


SUB 
2 
68 
3 
4 
69 
4 
5 
6A 
3 
6/11 
3 
7/12 
6B 
4 
6/11 
5 
7/12 


SUB 
3 
48 
4 
5 
49 
5 
6 
4A 
4 
7/12 
4 
8/13 
4B 
5 
7/12 
6 
8/13 


SUBB 
2 
78 
3 
4 
79 
3 
4 
7A 
3 
6/11 
3 
7/12 
7B 
4 
6/11 
5 
7/12 


SUBB 
3 
58 
4 
5 
59 
4 
5 
SA 
4 
7/12 
4 
8/13 
5B 
5 
7/12 
6 
8/13 


SUBC 
2 
A8 
3 
4 
A9 
4 
5 
AA 
3 
6/11 
3 
7/12 
AB 
4 
6/11 
5 
7/12 


SUBCB 
2 
B8 
3 
4 
B9 
3 
4 
BA 
3 
6/11 
3 
7/12 
BB 
4 
6/11 
5 
7/12 


CMP 
2 
88 
3 
4 
89 
4 
5 
8A 
3 
6/11 
3 
7/12 
8B 
4 
6/11 
5 
7/12 


CMPB 
2 
98 
3 
4 
99 
3 
4 
9A 
3 
6/11 
3 
7/12 
9B 
4 
6/11 
5 
7/12 


MULU 
2 
6C 
3 
25 
60 
4 
26 
6E 
3 
27/32 
3 
28/33 
6F 
4 
27/32 
5 
28/33 


MULU 
3 
4C 
4 
26 
40 
5 
27 
4E 
4 
28/33 
4 
29/34 
4F 
5 
28/33 
6 
29/34 


MULUB 
2 
7C 
3 
17 
70 
3 
17 
7E 
3 
19/24 
3 
20125 
7F 
4 
19/24 
5 
20/25 


MULUB 
3 
5C 
4 
18 
50 
4 
18 
5E 
4 
20/25 
4 
21126 
SF 
5 
20/25 
6 
21126 


MUL 
2 
~ 
4 
29 
~ 
5 
30 
~ 
4 
31/36 
4 
32/37 
~ 
5 
31/36 
6 
32/37 


MUL 
3 
~ 
5 
30 
~ 
6 
31 
~ 
5 
32137 
5 
33/38 
~ 
6 
32137 
7 
33/38 


MULB 
2 
~ 
4 
21 
~ 
4 
21 
~ 
4 
23/28 
4 
24/29 
(%> 
5 
23/28 
6 
24/29 


MULB 
3 
~ 
5 
22 
(%> 
5 
22 
~ 
5 
24/29 
5 
25/30 
(2) 
6 
24/29 
7 
25/30 


DIVU 
2 
8C 
3 
25 
80 
4 
26 
8E 
3 
28/32 
3 
29/33 
8F 
4 
28/32 
5 
29/33 


DIVUB 
2 
9C 
3 
17 
90 
3 
17 
9E 
3 
20/24 
3 
21125 
9F 
4 
20124 
5 
21/25 


DIV 
2 
~ 
4 
29 
(%> 
5 
30 
~ 
4 
32136 
4 
33/37 
~ 
5 
32/36 
6 
33/37 


DIVB 
2 
~ 
4 
21 
® 
4 
21 
~ 
4 
24/28 
4 
25/29 
(%> 
5 
24/28 
6 
25/29 


NOTES: 
• Long indexed 
and Indirect 
+ 
instructions 
have identical 
opcodes 
with Short 
indexed 
and Indirect 
modes, 
respectively. 
The 
second 
byte of instructions 
using any indirect 
or indexed 
addressing 
mode specifies 
the exact 
mode used. If the second 
byte 
is even, 
use 
Indirect 
or Short 
Indexed. 
If it is odd, 
use 
Indirect+ 
or Long 
Indexed. 
In all cases 
the 
second 
byte 
of the 
instruction 
always 
specifies 
an even (word) 
location 
for the address 
referenced. 
1. Number 
of state times 
shown 
for internal/external 
operands. 
2. The 
opcodes 
for signed 
multiply 
and divide 
are the 
opcodes 
for the 
unsigned 
functions 
with 
an "FE" 
appended 
as a 
prefix. 
3. State times 
shown 
for 16·bit bus. 


"nter 


INDIRECT@ 
INDEXED@ 
DIRECT 
IMMEDIATE 
NORMAL 
AUTo-iNC. 
SHORT 
LONG 


~ 
~ 
Z 
Z 
W 
W 
w 
ern 
ern 
w 
ern 
ern 
0 
~ 
Q 
rn 
~f3 
Q 
rn 
Q 
rn 
rn 
8 
rn 
rn 
:I 
0 
0 
~f3 
0 
~~ 
~~ 
Ww 
~~ 
~ 
~ 
w 
~ 
~ 
=C:l 
~ 
w 
w 
u 
~ 
~ 
~ 
~ 
Z 
0.. 
0.. 
~:I 
~:I 
t)F= 
t)F= 
t)F= 
t)F= 
:I 
0 
0 
ID 
rnF= 
0 
ID 
rnF= 
0 
ID 
ID 
0 
ID 
ID 


LOGICAL INSTRUCTIONS 


AND 
2 
60 
3 
4 
61 
4 
5 
62 
3 
6111 
3 
7/12 
63 
4 
6111 
5 
7/12 


AND 
3 
40 
4 
5 
41 
5 
6 
42 
4 
7/12 
4 
8/13 
43 
5 
7/12 
6 
8/13 


ANDB 
2 
70 
3 
4 
71 
3 
4 
72 
3 
6111 
3 
7/12 
73 
4 
6111 
5 
7/12 


ANDB 
3 
SO 
4 
5 
51 
4 
5 
52 
4 
7/12 
4 
8/13 
53 
5 
7/12 
6 
8/13 


OR 
2 
80 
3 
4 
81 
4 
5 
82 
3 
6111 
3 
7/12 
83 
4 
6/11 
5 
7/12 


ORB 
2 
90 
3 
4 
91 
3 
4 
92 
3 
6111 
3 
7/12 
93 
4 
6/11 
5 
7/12 


XOR 
2 
84 
3 
4 
85 
4 
5 
86 
3 
6111 
3 
7/12 
87 
4 
6111 
5 
7/12 


XORB 
2 
94 
3 
4 
95 
3 
4 
96 
3 
6111 
3 
7/12 
97 
4 
6111 
5 
7/12 


DATA TRANSFER INSTRUCTIONS 


LO 
2 
AO 
3 
4 
Al 
4 
5 
A2 
3 
6111 
3 
7/12 
A3 
4 
6111 
5 
7/12 


LOB 
2 
BO 
3 
4 
Bl 
3 
4 
B2 
3 
6111 
3 
7/12 
B3 
4 
6/11 
5 
7/12 


ST 
2 
co 
3 
4 
- 
- -- 
C2 
3 
7/11 
3 
8/12 
C3 
4 
7/ll 
5 
8/12 


STB 
2 
C4 
3 
4 
- - -- 
C6 
3 
7/11 
3 
8/12 
C7 
4 
7/11 
5 
8112 


LOBSE 
2 
BC 
3 
4 
BO 
3 
4 
BE 
3 
6111 
3 
7/12 
BF 
4 
6111 
5 
7/12 


LOBZE 
2 
AC 
3 
4 
AO 
3 
4 
AE 
3 
6111 
3 
7/12 
AF 
4 
6/11 
5 
7/12 


STACK OPERATIONS (Internal stack) 


PUSH 
1 
C8 
2 
8 
C9 
3 
8 
CA 
2 
II/IS 
2 
12116 
CB 
3 
11115 
4 
12116 


POP 
1 
CC 
2 
12 
- - -- 
CE 
2 
14/18 
2 
14/18 
CF 
3 
14/18 
4 
14/18 


PUSHF 
0 
F2 
1 
8 


POPF 
0 
F3 
1 
9 


STACK OPERATIONS (external stack) 


PUSH 
1 
C8 
2 
12 
C9 
3 
12 
CA 
2 
15/19 
2 
16120 
CB 
3 
15/19 
4 
16120 


POP 
1 
CC 
2 
14 
- 
- -- 
CE 
2 
16120 
2 
16120 
CF 
3 
16120 
4 
16120 


PUSHF 
0 
F2 
1 
12 


POPF 
0 
F3 
1 
13 


JUMPS AND CALLS 


MNEMONIC 
OPCODE 
BYTES 
STATES 
MNEMONIC 
OPCODE 
BYTES 
STATES 


UMP 
E7 
3 
8 
LCALL 
EF 
3 
13/16<5> 


SIMP 
2Q-27@ 
2 
8 
SCALL 
28·2F@ 
2 
13/16<5> 


BR[] 
E3 
2 
8 
RET 
FO 
1 
12116<5> 


TRAP<3l 
F7 
1 
21/24 


NOTES: 
1. Number 
of state times 
shown 
for internal/external 
operands. 
3. The assembler 
does not accept 
this mnemonic. 
4. The least 
significant 
3 bits of the opcode 
are concatenated 
with the following 
8 bits to form 
an 11-bil, 
2's complement, 
offset 
for the relative 
call or jump. 
5. State times 
for stack 
located 
internal/ 
external. 


All conditional 
jumps are 2 byte instructions. 
They require 8 state times if the jump is taken, 4 if it is not. 


Mnemonic 
Opcode 
Mnemonic 
Opcode 
Mnemonic 
Opcode 
Mnemonic 
Opcode 


JC 
OB 
JE 
OF 
JGE 
06 
JGT 
02 


JNC 
03 
JNE 
07 
JlT 
OE 
JlE 
OA 


JH 
09 
JV 
00 
JVT 
OC 
JST 
08 


JNH 
01 
JNV 
05 
' JNVT 
04 
JNST 
00 


These 
instructions 
are 3-byte instructions. 
They require 
9 state times if the jump is taken, 
5 if it is not. 


Bit Number 


Mnemonic 
0 
1 
2 
3 
4 
5 
6 
7 


JBC 
30 
31 
32 
33 
34 
35 
36 
37 


JBS 
38 
39 
3A 
3B 
3C 
30 
3E 
3F 


LOOP CONTROL 


3 BYTES; 
5/9 STATE TIMES (NOT TAKEN/TAKEN) 


Mnemonic 
Opcode 
Bytes 
States 
Mnemonic 
Opcode 
Bytes 
States 


OEC 
05 
2 
4 
EXT 
06 
2 
4 


OECB 
15 
2 
4 
EXTB 
16 
2 
4 


NEG 
03 
2 
4 
NOT 
02 
2 
4 


NEGB 
13 
2 
4 
NOTB 
12 
2 
4 


INC 
07 
2 
4 
ClR 
01 
2 
4 


INCB 
17 
2 
4 
ClRB 
11 
2 
4 


Instr 
Word 
Instr 
Byte 
Instr 
DBLWD 
State 
Times 
Mnemonic 
OP 
B 
Mnemonic 
OP 
B 
Mnemonic 
OP 
B 


SHl 
09 
3 
SHlB 
19 
3 
SHll 
00 
3 
7 + 1 PER SHIFT(7) 


SHR 
08 
3 
SHRB 
18 
3 
SHRl 
OC 
3 
7 + 1 PER SHIFT(7) 


SHRA 
OA 
3 
SHRAB 
1A 
3 
SHRAl 
OE 
3 
7 + 1 PER SHIFT(7) 


Mnemonic 
Opcode 
Bytes 
States 
Mnemonic 
Opcode 
Bytes 
States 


SETC 
F9 
1 
4 
01 
FA 
1 
4 


ClRC 
F8 
1 
4 
EI 
FB 
1 
4 


ClRVT 
FC 
1 
4 
NOP 
FO 
1 
4 


RST(6) 
FF 
1 
166 
SKIP 
00 
2 
4 


Mnemonic 


NORMl 


NOTES: 
6. This instruction 
takes 
2 states 
to pull RST low, then 
holds 
it low for 2 states 
to initiate 
a reset. The reset takes 
12 states, 


at which 
time the program 
restarts 
at location 
2080H. 
7. Execution 
will take at least 8 states, 
even for 0 shift. 


Functional deviations from the 809x and 839x on the 
809x-90 and 839x-90. 


CPU Section 


1. Indexed, 3 Operand Multiply-The 
displacement 
portion of an indexed, three word multiply may not 
be in the range of 200H thru 17FFH inclusive. 
This also applies to byte multiples that use 3 oper- 
ands. 


2. Add or Subtract with carry-The 
zero flag is both 
set and cleared by these instructions. Zero check- 
ing must be done after each operation. 


3. EXT-This 
instruction never sets the N flag, and 
always sets the Z flag. The EXTB works correctly. 
Check the flags before executing an EXT instruc- 
tion. Additionally, having more than two wait 
states during an EXT (extend word only) instruc- 
tion may cause the instruction to give an incorrect 
result. 


4. Read-Modify-Write on Interrupt Pending-A 
read- 
mOdify-write instruction on the interrupt pending 
register may cause interrupts that occur during 
execution of the instruction to be missed. 


5. READY line-The 
READY line should not be 
brought low during the execution of an instruction 
that accesses HSI_TIME, SP_STAT or IOS1. It 
should also not be brought low for a data write 
during the instruction immediately preceding one 
of the above operations. Do not use wait states 
for program memory that holds these instructions. 
Also place a NOP between writes to slow memory 
and accesses 
to 
HSO_TIME, 
SP_STAT 
or 
10S1. 


The READY line also should not be brought low 
for more than two state times when using the EXT 
(extend word) instruction. 


6. Signed Divide-The 
V and VT flags may indicate 
an overflow after a signed divide when no over- 
flow has occurred. 


7. The sticky flag is not affected when a shift by zero 
is executed on an 8X9X-90. 


8. The JBS and JBC instructions should not be used 
directly on Port 2.1 or any pins of Port 0 if used as 
digital input. If it is necessary to test these pins, 
first LD the port data into a temporary register, 
and then test the bit there. 


1. HSI Timing-An 
event occurring within 16 state 
times of a prior event on the same HSI line may 
not be recorded. Additionally, an event occurring 
within 16 state times of a prior event on another 
HSI line may be recorded with a time tag one 
count earlier than expected. Events are defined 
as the condition the line is set to trigger on. The 
effective resolution is increased to 4 f.Lsfor such 
closely spaced events. 
2. HSI Divide by 8 Mode-If 
an event on a pin set to 


look for every eighth transition occurs less than 
16 state times after an event on any other pin, 
then the divide by 8 event will be recorded twice 
in the HSI FIFO. The time tag of the duplicate 
FIFO entry will be equal to that of the initial entry 
plus one. The programmer's software should de- 
tect and discard the second entry. 


3. HSO Interrupts-Software 
timer interrupts cannot 


be generated by the HSO commands that reset 
Timer 2 or start an A to 0 conversion. 


4. The first few instructions of an interrupt service 


routine should check 10S1.7 and exit if the Hold- 
ing Register is not loaded. This will successfully 
clear unwanted events. 


1. Serial Port Flags-Reading 
SP_STAT 
may not 


clear the TI or RI flag if that flag was set within 
two state times prior to the read. In addition, the 
parity error bit (RPE/RB8) may not be correct if it 
is read within two state times after RI is set. 


Use the following code to replace ORB sp_image, 
SP_STAT. 


SP_READ: 
LDB TEMP, SP_STAT 
ORB SP_IMAGE, SP_STAT 
JBS TEMP,5,SP_READ 
if TI bit is set 
then read again 


JBS TEMP,6,SP_READ 
if RI bit is set 
then read again 


ANDB SP_IMAGE,#7FH 
clear false 
RB8/RPE 


ORB SP_IMAGE,TEMP 
load correct 
RB8/RPE 


2. Serial Port Mode 0- The serial port is not tested 


in mode O. The receive function in this mode does 
not work correctly. The receive function will not 
work unless the first bit shifted in is a one. 


-nter 


3. Serial Port Baud Value-Loading 
the baud rate 


register with 8000H (maximum baud rate, internal 
clock) may cause an 11 millisecond delay (at 
Fosc = 12 MHz) before the port is properly initial- 
ized. After initialization the port works properly. In- 
clude a 44000 state time delay after writing 
8000H to the Baud Rate Register. 


1. Ports 3 and 4 (Internal Execution Mode Only)- To 


be used as outputs, Ports 3 and 4 each must be 
addressed as words but written to as bytes. To 
write to Port 3 use "ST temp, 1ffeh", where the 
low byte of "temp" contains the data for the port. 


To write to Port 4, use the DCB operator to gener- 
ate the opcode sequence "OC3H, 001H, OFFH, 
01FH, (temp)", where the high byte of "temp" 
contains the data for the port. Ports 3 and 4 will 
not work as input ports. 
Also, when writing to Ports 3 and 4, the address of 
the port, (1FFEH, 1FFFH) will appear on the bus 
pins for 2 oscillator periods before the new data is 
presented to the pins. Since normal bus control 
signals (ALE, RD, etc.) are suppressed during 
writes to these addresses, there is no way to latch 
the data and prevent this address "glitch" to the 
outside world. If this presents a problem in an ap- 
plication, port reconstruction must be done at an- 
other address as described in the MCS-96 Hard- 
ware Design Information Chapter. 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
Under Bias .... 
O·C to + 70·C 


Storage Temperature 
- 40·C to + 150·C 


Voltage 
from Any Pin to 
VSS or ANGND 
-0.3V 
to + 7.0V 


Average 
Output Current from Any Pin 
10 mA 


Power Dissipation 
1.5 Watts 
NOTICE Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Mln 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias 
0 
+70 
C 


Vee 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.5 
5.5 
V 


fose 
Oscillator 
Frequency 
6.0 
12 
MHz 


VPD 
Power-Down 
Supply Voltage 
4.50 
5.50 
V 


NOTE: 
Vaa should be connected to ANGND through a 0.01 ,..F capacitor. ANGND and Vss should be nominally at the same 
potential. 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
(Except RESET) 
-0.3 
+0.8 
V 


VIL1 
Input Low Voltage, 
RESET 
-0.3 
+0.7 
V 


VIH 
Input High Voltage 
(Except RESET, NMI, XTAL 1) 
2.0 
Vee +0.5 
V 


VIH1 
Input High Voltage, 
RESET Rising 
2.4 
Vee +0.5 
V 


VIH2 
Input High Voltage, 
RESET Falling 
2.1 
Vcc 
+0.5 
V 


VIH3 
Input High Voltage, 
NMI, XTAL 1 
2.4 
Vee +0.5 
V 


VOL 
Output Low Voltage 
0.45 
V 
(Note 1) 


VOH 
Output High Voltage 
2.4 
V 
(Note 2) 


Ice 
Vee Supply Current 
200 
mA 
All Outputs 
Disconnected 


IpD 
VPD Supply Current 
1 
mA 
Normal operation 
and Power-Down 


IREF 
VREF Supply Current 
8 
mA 


III 
Input Leakage Current to all pins of HSI, 
±10 
IJ-A 
Vin = 0 toVee 
P3, P4, and to P2.1 


ILl1 
Input Leakage to Port 0 
±3 
IJ-A 
VIN=OtoVee 


IIH 
Input High Current to EA 
100 
IJ-A 
VIH = 2.4V 


IlL 
Input Low Current to all pins of P1, 
-100 
IJ-A 
VIL = 0.45V 


and to P2.6, P2.7 


11L1 
Input Low Current to RESET 
0.3 
-2 
mA 
VIL = 0.45V 


IIL2 
Input Low Current P2.2, P2.3, P2.4, READY 
-50 
IJ-A 
VIL = 0.45V 


Cs 
Pin Capacitance 
(Any Pin to Vss) 
10 
pF 
fTEST = 1.0 MHz 


NOTES: 
1. IOL = 0.4 mA for all pins of P1, for P2.6 and P2.7, and for all pins of P3 and P4 when used as ports. IOL = 2.0 mA for 
TXD, RXD (in serial port mode 0), PWM, eLKOUT, ALE, SHE, RD, WR, and RESET and all pins of HSO and P3 and P4 
when used as external memory bus (ADO-AD15). 
. 


2. IOH = - 20 ~J~II 
pins of P1, for P2.6 and P2.7. IOH = - 200 ,..A for TXD, RXD (in serial port mode 0), PWM, 
eLKOUT, ALE, SHE, WR, and all pins of HSO and P3 and P4 when used as external memory bus (ADO-AD15). P3 and P4, 
when used as ports, have open-drain outputs. 


inter 


Resolution 
± 0.001 VREF 


Accuracy 
± 0.004 VREF 


Differential 
nonlinearity 
± 0.002 VREF max 


Integral nonlinearity 
± 0.004 VREF max 


Channel-to-channel 
matching 
± 1 LSB 


Crosstalk 
(DC to 100 KHz) 
-60 
dB max 


AID 
Converter 
operation 
is verified 
only 
on 
the 


8097, 8397, 8095, 8395. 


The absolute 
conversion 
accuracy 
is dependent 
on 


the accuracy 
of VREF. The specifications 
given be- 


low assume 
adherence 
to the Operating 
Conditions 


section 
of these 
data 
sheets. 
Testing 
is done 
at 


VREF = 5.120V. 


A.C. CHARACTERISTICS 
(VCC, VPD = 4.5 to 5.5 Volts; TA = O·C to 70·C; fosc = 6.0 to 12.0 MHz) 


Test Conditions: 
Load Capacitance 
on Output 
Pins = 80 pF 


Oscillator 
Frequency 
= 12.00 MHz 


Svmbol 
Parameter 
Mln 
Max 
Units 


TCLYX 
READY Hold after CLKOUT Edge 
0 
ns 


TLLYV 
End of ALE to READY Setup 
-Tosc 
2Tosc-60 
ns 


TLLYH 
End of ALE to READY HiQh 
2 Tosc+40 
4Tosc-60(1) 
ns 


TYLYH 
Non-ready Time 
1000 
ns 


TAVDV 
Address Valid to Input Data Valid 
5Tosc-90 
ns 


TRLDV 
RD/ Active to Input Data Valid 
3Tosc-60 
ns 


TRXDX 
Data Hold after RD/inactive(2) 
0 
ns 


TRXDZ 
RD/lnactive 
to Input Data Float(2) 
Tosc-20 
ns 


Symbol 
Parameter 
Mln 
Max 
Units 


FXTAL 
Oscillator Frequency 
6.00 
12.00 
MHz 


Tosc 
Oscillator Period 
83 
166 
ns 


TOHCH 
Oscillator High to CLKOUT High(3) 
0 
120 
ns 


TCHCH 
CLKOUT Period(2) 
3Tosc(3) 
3Tosc(3) 
ns 


TCHCL 
CLKOUT HiQhTime 
Tosc-20 
Tosc+20 
ns 


TCLLH 
CLKOUT Low to ALE High 
-25 
20 
ns 


TLLCH 
ALE Low to CLKOUT HiQh 
Tosc-20 
Tosc+40 
ns 


TLHLL 
ALE Pulse Width 
Tosc-25 
Tosc+15 
ns 


TAVLL 
Address Setup to End of ALE 
Tosc-50 
ns 


TLLRL 
End of ALE to RD/ or WR/ Active 
Tosc-20 
ns 


TLLAX 
Address Hold After End of ALE 
Tosc-20 
ns 


TWLWH 
WR/ Pulse Width 
2Tosc-35 
ns 


TaVWX 
Output Data Setup to End of WR/ 
2Tosc-60 
ns 


TWXaX 
Output Data Hold After End of WR/ 
Tosc-25 
ns 


TWXLH 
End of WR/ to Next ALE 
2Tosc-30 
ns 
TRLRH 
RD/ Pulse Width 
3Tosc-30 
ns 
TRHLH 
End of RD/ to Next ALE 
, 
Tosc-25 
ns 


NOTES: 
1. If more than one wait state is desired, add 3Tosc for each additional wait state. 
2. This specification is not tested, but is verified by design analysis and/or derived from other tested parameters. 
3. CLKOUT is directly generated as a divide by 3 of the oscillator. The period will be 3Tosc ± 10 ns if Tosc is constant and 
the rise and fall times on XTAL 1 are less than 10 ns. CLKOUT is not bonded out on 48-pin parts. 


.. ~df_T_C_L_Y_X 
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inter 


MCS®-96 
809XBH/839XBI"I/879XBH 
Express 


• 
Extended 
Temperature 
Range 


(- 40·C to + 85·C) 


The Intel EXPRESS 
system 
offers enhancements 
to the operational 
specifications 
of the MCS@-96 family of 
microcontrollers. 
These 
EXPRESS 
products 
are designed 
to meet 
the needs 
of those 
applications 
whose 
operating 
requirements 
exceed 
commercial 
standards. 


The EXPRESS 
program 
includes 
the commercial 
standard 
temperature 
range with burn-in, 
and an extended 
temperature 
range with or without 
burn-in. 


With the commercial 
standard 
temperature 
range operational 
characteristics 
are guaranteed 
over the temper- 
ature 
range 
of O·C to + 70·C. With the extended 
temperature 
range 
option, 
operational 
characteristics 
are 
guaranteed 
over the range of - 40·C to + 85·C. 


The optional 
burn-in is dynamic, 
for a minimum 
time of 160 hours at 125·C with Vcc = 5.5V ±0.5V, 
following 
guidelines 
in MIL-STD-883, 
Method 
1015. 


Package 
types and EXPRESS 
versions 
are identified 
by a one- or two-letter 
prefix to the part number. 
The 
prefixes 
are listed in Table 
1. 


This data sheet specifies 
the parameters 
for the extended 
temperature 
range option. 
The commercial 
temper- 
ature range data sheets 
are applicable 
otherwise. 


POWER 
fREQUENCY 


VREf 
ANGND 
DOWN 
REfERENCE 


--------------------~-:~::-~------i:-~---1 


ROM 
I 


GEN 
8 
(8396): 
I 
I 
I 
I 


232 
BYTE 
REGISTER 
fiLE 


HIGH 
SPEED 
I/O 


PORT 3 


] 


ADDR 
DATA 
BUS 


PORT 4 


inter 


ELECTRICAL 
CHARACTERISTICS 


ABSOLUTE 
MAXIMUM 
RATINGS· 


Ambient 
Temperature 
Under Bias. 
-40·C 
to + 8S·C 


Storage Temperature 
- 40·C to + 1S0·C 


Voltage 
from Vpp or EA 
to VSSor ANGND 
-O.3Vto 
+ 13.0V 


Voltage 
from Any Other Pin to 
VSS or ANGND 
-O.3V 
to + 7.0V· 


Average 
Output Current from Any Pin 
10 mA 


Power Dissipation 
'/' 
1.SW 


-This 
includes 
Vpp on ROM and CPU devices. 


•Notice: Stresses above those listed under '~bso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Mln 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias 
-40 
+85 
C 


Vcc 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog 
Supply Voltage 
4.50 
5.50 
V 


lose 
Oscillator 
Frequency 
6.0 
12 
MHz 


Vpo 
Power-Down 
Supply Voltage 
4.50 
5.50 
V 


NOTE: 
ANGND 
and Vss 
should 
be nominally 
at the same potential. 


Symbol 
Parameter 
Mln 
Max 
Units 
Test 
Conditions 


Ice 
Vee Supply Current( 
- 40·C ,;;;TA ,;;; + 85-C) 
270 
mA 
All Outputs 


lee1 
Vee Supply Current 
(TA = 
+ 85·C) 
185 
mA 
Disconnected. 


Ipo 
Vpo Supply Current 
1 
mA 
Normal 
operation 
and Power-Down. 


IREF 
VREF Supply Current 
10 
mA 


VIL 
Input Low Voltage 
(Except 
RESET) 
-0.3 
+0.8 
V 


VIL1 
Input Low Voltage, 
RESET 
-0.3 
+0.7 
V 


VIH 
Input High Voltage 
(Except 
RESET, NMI, XTAL 1) 
2.0 
Vee 
+0.5 
V 


VIH1 
Input High Voltage, 
RESET Rising 
2.4 
Vcc 
+0.5 
V 


VIH2 
Input High Voltage, 
RESET Falling Hysteresis 
2.1 
Vee 
+0.5 
V 


VIH3 
Input High Voltage, 
NMI, XTAL 1 
2.3 
Vcc 
+0.5 
V 


Iu 
Input Leakage 
Current 
to each pin 01 HSI, P3, P4, and to P2.1. 
±10 
,..A 
Vin=OtoVee 


IU1 
D.C. Input Leakage 
Current 
to each pin 01 PO 
+3 
,..A 
Vin= 
OtoVee 


IIH 
Input High Current to EA 
100 
,..A 
VIH = 2.4V 


IlL 
Input Low Current to each pin 01 Pl, 
-150 
,..A 
VIL = 0.45V 
and to P2.6, P2.7. 


11L1 
Input Low Current 
to RESET 
-0.25 
-2 
mA 
VIL = 0.45V 


11L2 
Input Low Current 
P2.2, P2.3, P2.4, READY, 
BUSWIDTH 
-50 
,..A 
VIL = 0.45V 


VOL 
Output 
Low Voltage 
on Quasi-Bidirectional 
0.45 
V 
IOL = 0.8mA 
port pins and P3, P4 when used as ports 
(Note 1) 


VOL1 
Output 
Low Voltage 
on Quasi-Bidirectional 
0.75 
V 
IOL = 2.0mA 
port pins and P3, P4 when used as ports 
(Notes 
1, 2, 3) 


VOL2 
Output 
Low Voltage 
on Standard 
Output 
0.45 
V 
IOL = 2.0mA 
pins, RESET and Bus/Control 
Pins 
(Notes 
1, 2, 3, 4) 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


VOH 
Output High Voltage on Quasi-Bidirectional 
2.4 
V 
IOH= -20)J-A 


pins 
(Note 1) 


VOH1 
Output High Voltage on Standard Output 
2.4 
V 
IOH= -200)J-A 


pins and Bus/Control pins 
(Note 1) 


IOH3 
Output High Current on RESET 
-50 
)J-A 
VOH= 2.4V 


Cs 
Pin Capacitance (Any Pinto VSS) 
10 
pF 
fTEST = 1.0 MHz 


NOTES: 
1. Quasi-bidirectional pins include those on P1. for P2.6 and P2.7. Standard Output Pins include TXD. RXD (Mode 0 only). 
PWM. and HSO pins. Bus/Control pins include CLKOUT. ALE. BHE. RD. WR. INST and ADO-15. 
2. Maximum current per pin must be externally limited to the following values if VOL is held above 0.45V. 
IOLon quasi-bidirectional pins and Ports 3 and 4 when used as ports: 4.0 mA 
IOLon standard output pins and RESET: 8.0 mA 
IOLon Bus/Control pins: 2.0 mA 


3.During normal (non-transient) operation the following limits apply: 
Total IOLon Port 1 must not exceed 8.0 mA. 
TotaiiOL on P2.0. P2.6. RESET and all HSO pins must not exceed 15 mA. 
TotaiiOL on Port 3 must not exceed 10 mA. 
TotaiiOL on P2.5. P2.7. and Port 4 must not exceed 20 mA. 


4. IOLon HSO.X (X = O.4, 5) = 1.6 mA @ 0.5V. 


A.C. CHARACTERISTICS 
(Under listed operating 
conditions) 
Test Conditions: 
Load Capacitance 
on Output 
Pins = 80 pF 


Oscillator 
Frequency 
= 10 MHz 


Symbol 
Parameter 
Min 
Max 
Units 


TCLYX(4) 
READY Hold after CLKOUT 
Edge 
0(1) 
ns 


hLYV 
End of ALE/ ADV to READY Valid 
2Tosc-70 
ns 


hLYH 
End of ALE/ ADV to READY High 
2Tosc+40 
4Tosc-80 
ns 


TYLYH 
Non-Ready 
Time 
1000 
ns 


TAVDV(6) 
Address 
Valid to Input Data Valid 
5Tosc-120 
ns 


TRLDV 
RD Active to Input Data Valid 
3Tosc-100 
ns 


TRHDX 
Data Hold after RD Inactive 
0 
ns 


TRHDZ 
RD Inactive to Input Data Float 
0 
Tosc-25 
ns 


TAVGV(4)(6) 
Address 
Valid to BUSWIDTH 
Valid 
2 Tosc 
-125 
ns 


TLLGX(4) 
BUSWIDTH 
Hold after ALE/ ADV Low 
Tose +40 
ns 


TLLGV(4) 
ALE/ ADV Low to BUSWIDTH 
Valid 
Tosc 
-75 
ns 


NOTES: 
1. If the 48-pin part is being used then this timing can be generated by assuming that the CLKOUT falling edge has occurred 
at 2Tosc+ 55 (TLLCH(max) + TCHCL(max)) after the falling edge of ALE. 
4. Pins not bonded out on 48-pin parts. 
6. The term "Address Valid" applies to ADO-15. SHE and INST. 


Symbol 
Parameter 
Min 
Max 
Units 


FXTAL 
Oscillator 
Frequency 
6.0 
12.0 
MHz 


Tosc 
Oscillator 
Period 
83 
166 
ns 


TOHCH 
XT AL 1 Rising Edge to Clockout 
Rising Edge 
0(4) 
120(4) 
ns 


TCHCH(4) 
CLKOUT 
Period(3) 
3Toscl3) 
3Toscl3) 
ns 


TCHCL(4) 
CLKOUT 
High Time 
Tosc-35 
Tosc+ 
10 
ns 


TCLLH(4) 
CLKOUT 
Low to ALE High 
-20 
+25 
ns 


TLLCH(4) 
ALEI ADV Low to CLKOUT 
High 
Tosc-25 
Tosc+45 
ns 


TLHLL 
ALEI ADV High Time 
Tosc-30 
Tosc+35(5) 
ns 


TAVLL(6) 
Address 
Setup to End of ALEI ADV 
Tosc-50 
ns 


TRLAZ(7) 
RD or WR Low to Address 
Float 
25 
ns 


TLLRL 
End of ALEI ADV to RD or WR Active 
Tosc-40 
ns 


TLLAX(7) 
Address 
Hold after End of ALEI ADV 
. 
Tosc-40 
ns 


TWLWH 
WR Pulse Width 
3Tosc-35 
ns 


TOVWH 
Output Data Valid to End of WR/WRL/WRH 
3Tosc-60 
ns 


TWHOX 
Output Data Hold after WR/WRL/WRH 
Tosc-50 
ns 


TWHLH 
End of WR/WRL/WRH 
to ALEI ADV High 
Tosc-75 
ns 


TRLRH 
RD Pulse Width 
3Tosc-30 
ns 


TRHLH 
End of RD to ALEI ADV High 
Tosc-45 
ns 


TCLLL(4) 
CLOCKOUT 
Low to ALEI ADV Low 
Tosc-40 
Tosc+35 
ns 


TRHSX(4) 
RD High to INST, SHE, AD8-15 
Inactive 
Tosc-25 
Tosc+30 
ns 


TWHSX(4) 
WR High to INST, SHE, AD8-15 
Inactive 
Tosc-50 
Tosc+ 
100 
ns 


THLHH 
WRL, WRH Low to WRL, WRH High 
2Tosc-35 
2Tosc+40 
ns 


TLLHL 
ALEI ADV Low to WRL, WRH Low 
2Tosc-30 
2Tosc+55 
ns 


TOVHL 
Output Data Valid to WRL, WRH Low 
Tosc-60 
ns 


NOTES: 
2. If more than one wait state is desired, add 3Tosc for each additional wait state. 
3. CLKOUT is directly generated as a divide by 3 of the oscillator. The period will be 3Tosc ± 10 ns if Tosc is constant and 
the rise and fall times on XTAU are less than 10 ns. 
4. Pins not bonded out on 48-pin parts. 
5. Max spec applies only to ALE. Min spec applies to both ALE and ADV. 
6. The term "Address Valid" applies to ADO-15, SHE and INST. 
7. The term 
H Address" in this definition applies to ADO-7 for 8-bit cycles, and ADO-15 for 16-bit cycles. 


..~. 
__ .._-- .. 
•• 
...._ 
- 


DATA 
OUT 


T QVWH ------1 


VALID 


I, 
TWLWH 


VALID 


NOTES: 
(1) a·bit bus only. 
(2) a·bit bus; or when 
write strobe 
mode selected. 
(3) When 
ADV selected. 
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Symbol 
Parameter 
Min 
Max 
Units 


TXLXL 
Serial Port Clock Period 
8Tosc 
ns 


TXLXH 
Serial Port Clock Falling Edge to Rising Edge 
4Tosc 
- 
50 
4Tosc 
+ 50 
ns 


TQVXH 
Output Data Setup to Clock Rising Edge 
3Tosc 
ns 


TXHQX 
Output Data Hold After Clock Rising Edge 
2Tosc 
- 
50 
ns 


TXHQV 
Next Output Data Valid After Clock Rising Edge 
2Tosc 
+50 
ns 


TOVXH 
Input Data Setup to Clock Rising Edge 
2Tosc 
+200 
ns 


TXHOX 
Input Data Hold After Clock Rising Edge 
0 
ns 


TXHQZ 
Last Clock Rising to Output Float 
5Tosc 
ns 


r-- 
TXLXL --j 


TXO---U- ---U- ---U- ---U- ---U- ---U- ---U- ---U- 


TQVXH-j r- 
TXLXH-I 
r- 
TXHQVI--j 
--l 
r-TXHQX 
TXHQZ-l 
r- 


(O~XT)-<I)( 
X 
2 
X 
3 
X 
4 
X 
5 
X"'-6--X 
7 >- 


TOVXH-j I- 
--l 
r-TXHOX 


VALID 
VALID 
VALID 
VALID 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TOLOL 
Oscillator 
Frequency 
6 
12 
MHz 


TOHOX 
High Time 
25 
ns 


TOLOX 
Low Time 
25 
ns 


TOLOH 
Rise Time 
15 
ns 


TOHOL 
Fall Time 
15 
ns 


2'4=>( 
>C 


' 
2.0 
2.0 
> TESTPOINTS< 


0.45 
0.8 
0.8 


270433-6 
A.C. Testing inputs are driven at 2.4V for a Logic "I" 
and 0.45V 


for a Logic "0". Timing measurements are made at 2.0V for a 
Logic "I" 
and 0.8V for a Logic "0". 


VLOAO+0.15V 
VOH-0.15V 


VLOAO 
>nMING REFERENCE _ 


POINTS 
-- 
VLOAO-0.15 V 
VOL+0.15 V 


270433-7 


For TIming Purposes a Port Pin is no Longer Floating when a 100 
mV change from Load Voltage Occurs, and Begins 10Float when 
a 100 mV change from the Loaded VOHIVOL Level occurs lOLl 
IOH;' 
±15 mA. 
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The absolute conversion accuracy is dependent on 
the accuracy of VREF.The specifications given be- 
low assume adherence to the Operating Conditions 
section of these data sheets. Testing is done at 
VREF= 5.120V. 


AID 
Converter operation is verified only on the 


8097BH, 
8397BH, 
8095BH, 
8395BH, 
8797BH, 
8795BH. 


Parameter 
Typical-Ill 
Minimum 
Maximum 
Units" 
Notes 


Resolution 
1024 
1024 
Levels 


10 
10 
Bits 


Absolute Error 
0 
±4 
LSBs 


Full Scale Error 
-0.5 
±0.5 
LSBs 


Zero Offset Error 
±0.5 
LSBs 


Non-Linearity 
0 
±4 
LSBs 


Differential Non-Linearity 
0 
±2 
LSBs 


Channel-to-Channel Matching 
0 
±1 
LSBs 


Repeatability 
±0.25 
LSBs 
1 


Temperature Coefficients: 


Offset 
0.009 
LSBrC 
1 
Full Scale 
0.009 
LSBrC 
1 
Differential Non-Linearity 
0.009 
LSBrC 
1 


Off Isolation 
-60 
dB 
1,2,4 


Feedthrough 
-60 
dB 
1,2 


VCCPower Supply Rejection 
-60 
dB 
1,2 


Input Resistance 
1K 
5K 
n 
1 


D.C. Input Leakage 
0 
3.0 
p,A 


Sample Delay 
3Tosc - 50 
3Tosc + 50 
ns 
1,3 


Sample Time 
12Tosc - 50 
12Tosc + 50 
ns 
1 


Sampling Capacitor 
2 
pF 


NOTES: 
• These 
values 
are expected 
for most parts at 25'C . 
•• An "LSB", 
as used here, is defined 
in the glossary 
which 
follows 
and has a value 
of approximately 
5 mY. 
1. These 
values 
are not tested 
in production 
and are based on theoretical 
estimates 
and laboratory 
tests. 
2. DC to 100 KHz. 
3. For starting 
the AID with an HSO Command. 


4. Multiplexer 
Break-Before-Make 
Guaranteed. 


Code 
A/D 
Analog 
I/O 
Leads 
Product 
Package' 
Memory 
Inputs 
Pins 


ROMless 
No 
0 
48 
68 
8096BH 
N 


Yes 
4 
32 
48 
8095BH 
P LP 


8 
48 
68 
8097BH 
ALANLN 


ROM 
No 
0 
48 
68 
8396BH 
ALA TAN LNTN 


Yes 
4 
32 
48 
8395BH 
PLPTP 


8 
48 
68 
8397BH 
ALATA 
N LNTN 


EPROM 
Yes 
4 
32 
48 
8795BH 
CLC 


8 
48 
68 
8797BH 
ALAR 
LR 


•A ~ Commercial/No 
Burn-In 
68L Ceramic 
F6A 


N = Commercial/No 
Burn-In 
G8L PLCC 
C = Commercial/No 
Burn-In 
48L DIP (Ceramic) 
P ~ Commercial/No 
Burn-In 
48L DIP (Plastic) 


TX = Extended 
Temp/No 
Burn-In 
ax = Commercial/With 
Burn-In 
LX = Extended 
Temp/With 
Burn-In 
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MCS®-96 
809X-90, 839X-90 
Express 


• 
Extended 
Temperature 
Range 


(- 40·C to + 8S·C) 


The Intel EXPRESS 
system 
offers 
enhancements 
to the operational 
specifications 
of the MCS~-96 
family of 
microcontrollers. 
These 
EXPRESS 
products 
are designed 
to meet the 
needs 
of those 
applications 
whose 
operating 
requirements 
exceed 
commercial 
standards. 


The EXPRESS 
program 
includes 
the commercial 
standard 
temperature 
range with burn-in, and an extended 
temperature 
range with or without 
burn-in. 


With the commercial 
standard 
temperature 
range operational 
characteristics 
are guaranteed 
over the temper- 
ature 
range 
of O·C to 70·C. 
With 
the 
extended 
temperature 
range 
option, 
operational 
characteristics 
are 
guaranteed 
over the range of - 40·C to + 85·C. 


The optional 
burn-in is dynamic, 
for a minimum 
time of 160 hours at 125·C with Vcc = 5.5V ±0.5V, 
following 
guidelines 
in MIL-STD-883, 
Method 
1015. 


Package 
types and EXPRESS 
versions 
are identified 
by a one- or two-letter 
prefix to the part number. 
The 
prefixes 
are listed in Table 
1. 


This data sheet specifies 
the parameters 
for the extended 
temperature 
range option. The commercial 
temper- 
ature range data sheets 
are applicable 
otherwise. 


POWER 
FREQUENCY 


VREF 
ANGND 
DOWN 
REFERENCE 


-------------- 
------~-~~~-~------g~~---1 


ROt.4 
• 
GEN 
8 
(8396): 
•••• 


HIGH 
SPEED 
I/O 


PORT 3 


] 


ADDR 


DATA 
8US 


PORT 4 


inter 


ELECTRICAL 
CHARACTERISTICS 


ABSOLUTE 
MAXIMUM 
RATINGS* 


Ambient 
Temperature 
Under Bias. 
-40°C 
to + 85°C 


Storage Temperature 
- 40°C to + 150°C 


Voltage from Any Pin to 
VSS or ANGND 
-O.3V 
to + 7.0V 


Average 
Output Current from Any Pin 
10 mA 


Power Dissipation 
1.5W 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE: Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Min 
Max 


. 
Units 


TA 
Ambient Temperature Under Bias 
-40 
+85 
°C 


Vee 
Digital Supply Voltage 
4.5 
5.5 
V 


VREF 
Analog Supply Voltage 
4.5 
5.5 
V 


fose 
Oscillator Frequency 
6.0 
12 
MHz 


VPD 
Power-Down Supply Voltage 
4.5 
5.5 
V 


NOTE: 
VBB should be connected to ANGND through a 0.01 !LF capacitor. ANGND and Vss should be nominally at the same 
potential. 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage (Except RESET) 
-0.3 
+0.8 
V 


VIL1 
Input Low Voltage, RESET 
-0.3 
+0.7 
V 


VIH 
Input High Voltage (Except RESET, NMI, XTAL 1) 
2.0 
Vee + 0.5 
V 


VIH1 
Input High Voltage, NMI, XTAL 1, RESET 
2.4 
Vee + 0.5 
V 


VOL 
Output Low Voltage 
0.5 
V 
(Note 1) 


VOH 
Output High Voltage 
2.4 
V 
(Note 2) 


Ice 
Vee Supply Current 
- 
200 
mA 
All Outputs 
Disconnected 


IpD 
VPDSupply Current 
1 
mA 
Normal Operation 
and Power-Down 


IREF 
VREFSupply Current 
10 
mA 


III 
Input Leakage Current to All Pins of HSI, PO,P3, 
±10 
!LA 
Vin = OtoVee 
P4, and to P2.1 


IIH 
Input High Current to EA 
100 
!LA 
VIH = 2.4V 


IlL 
Input Low Current to All Pins of P1, and to P2.6, 
-100 
!LA 
VIL = 0.45V 
P2.7 


IIL1 
Input Low Current to RESET 
-2 
,mA 
VIL = 0.45V 


1112 
Input Low Current P2.2, P2.3, P2.4, READY 
-50 
/-LA 
VIL = 0.45V 


Cs 
Pin Capacitance (Any Pin to Vss) 
10 
pF 
fTEST = 1 MHz 


NOTES: 
1. IOl = 0.4 mA for all pins of Pl, for P2.6 and P2.7, and for all pins of P3 and P4 when used as ports. IOl = 2.0 mA for 
TXD, RSD (in serial port mode 0), PWM, CLKOUT, ALE, SHE, RD, WR, and all pins of HSO and P3 and P4 when used as 
ex1ernalmemory bus (ADO-AD15). 
2. 10H = 
-20~f~1I 
pins of Pl, for P2.6 and P2.7. IOH = 
-200 
!LA for TXD, RXD (in serial port mode 0). PWM, 
CLKOUT, ALE, SHE, WR, and all pins of HSO and P3 and P4 when used as external memory bus (ADO-AD15). P3 and P4, 
when used as ports, have open-drain outputs. 


inter 


Resolution 
±0.001 
VREF 


Accuracy 
±0.004 
VREF 


Differential 
nonlinearity 
± 0.002 VREF max 


Integral nonlinearity 
±0.004 
VREF max 


AID 
Converter 
operation 
is verified 
only 
on 
the 


8097,8397,8095,8395. 


The absolute 
conversion 
accuracy 
is dependent 
on 


the accuracy 
of VREF. The specifications 
given be- 


low assume 
adherence 
to the Operating 
Conditions 


section 
of these 
data 
sheets. 
Testing 
is done 
at 


VREF = 5.120V. 


A.C. CHARACTERISTICS 
Vcc, VPD = 4.5Vt05.5V, 
TA = - 40°C to + 85°C; fosc = 6.0 MHzto 
12.0 MHz 
Test Conditions: 
Load capacitance 
on output 
pins = 80 pF 


Oscillator 
Frequency 
= 12.00 MHz 


Symbol 
Parameter 
Min 
Max 
Units 


TCLYX 
READY Hold after CLKOUT Falling Edge 
o (Note 1) 
ns 


TLLYV 
End of ALE to READY Setup 
- Tosc 
2Tosc - 
60 
ns 


TLLYH 
End of ALE to READY High 
2Tosc + 60 
4Tosc - 
60 (Note 2) 
ns 


TYLYH 
Non-Ready Time 
1000 
ns 


TAVDV 
Address Valid to Input Data Valid 
5Tosc - 
90 
ns 


TRLDV 
RD Active to Input Data Valid 
J 
3Tosc - 
60 
ns 


TRXDX 
Data Hold after RD Inactive (Note 3) 
0 
c 
ns 


TRXDZ 
RD Inactive to Input Data Float (Note 3) 
Tosc - 
20 
ns 


Symbol 
Parameter 
Mln 
Max 
Units 


FXTAL 
Oscillator Frequency 
6.00 
12.00 
MHz 


Tosc 
Oscillator Period 
• 
83 
166 
ns 


TCHCH 
CLKOUT Period (Note 3) 


c 
3Tosc (Note 4) 
3Tosc (Note 4) 
ns 


TCHCL 
CLKOUT High Time 
-- 
Tosc - 
20 
Tosc + 20 
ns 


TCLLH 
CLKOUT Low to ALE High 
-10 
30 
ns 


TLLCH 
ALE Low to CLKOUT High 
Tosc - 
20 
Tosc + 40 
ns 


TLHLL 
ALE Pulse Width 
Tosc - 
25 
Tosc + 20 
ns 


TAVLL 
Address Setup to End of ALE 
Tosc - 
50 
ns 


TLLRL 
End of ALE to RD or WR Active 
- - 
Tosc - 
20 
ns 


TLLAX 
Address Hold after End of ALE 
Tosc - 
20 
ns 


TWLWH 
WR Pulse Width 
2Tosc - 
35 
ns 


TQVWX 
Output Data Setup to End of WR 
2Tosc - 
60 
~ 
ns 


TWXQX 
Output Data Hold after End of WR 
Tosc - 
25 
ns 
TWXI..:H 
End of WR to Next ALE 
2Tosc - 
30 
ns 


TRLRH 
RD Pulse Width 
3Tosc - 
30 
ns 


TRHLH 
End of RD to Next ALE 
Tosc - 
30 
ns 


NOTES: 
1. If the 46-pin part is being used then this timing can be generated by assuming that the CLKOUT falling edge has occurred 
at 2Tosc + 60 (TLLCH(max) + TCHCL(max» after the falling edge of ALE. 
2. If more than one wait state is desired. add 3Tosc for each additional wait state. 
3. This specification is not tested, but is verified by design analysis and/or derived from other tested parameters. 
4. CLKOUT is directly generated as a divide by 3 of the oscillator. The period will be 3Tosc ± 10 ns if Tosc is constant and 
the rise and fall times on XTAL 1 are less than 10 ns. 


.. ~df_T_C_lY_X 
_ 


Prefix 
Package 
Type 
Temperature 
Range 
Burn-In 


A 
Ceramic 
PGA-68L 
Commercial 
No 


N 
PLCC-68L 
Commercial 
No 


C 
Ceramic 
DIP-48L 
Commercial 
No 


TA 
Ceramic 
PGA-68L 
Extended 
No 


TN 
PLCC-68L 
Extended 
No 


TC 
Ceramic 
DIP-48L 
Extended 
No 


QA 
Ceramic 
PGA-68L 
Commercial 
Yes 


QN 
PLCC-68L 
Commercial 
Yes 


QC 
Ceramic 
DIP-48L 
Commercial 
• 
Yes 


LA 
Ceramic 
PGA-68L 
Extended 
Yes 


LN 
PLCC-68L 
Extended 
Yes 


LC 
Ceramic 
DIP-48L 
Extended 
Yes 


EXAMPLES: 
A8097-90 
indicates 
an 8097·90 
in a ceramic 
pin grid array package 
specified 
for commercial 
temperature 
without 
burn-in. 


LC8095·90 
indicates 
an 8095-90 
in a ceramic 
DIP package 
specified 
for extended 
temperature 
range 
with burn-in. 
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80C196KA 


16-BIT HIGH PERFORMANCE CHMOS 
MICROCONTROLLER 


• 
232 Byte Register File 
• 
Full Duplex Serial Port 


• 
Reglster·to·Reglster Architecture 
• 
Dedicated Baud Rate Generator 


• 
28 Interrupt Sources/16 Vectors 
• 
High Speed 110 Subsystem 


• 
2.3 p's 16 x 16 Multiply 
• 
16·Blt Timer 


• 
4.0 p.s32/16 Divide 
• 
16·Blt Up/Down Counter with Capture 


• 
Powerdown and Idle Modes 
• 
Pulse·Wldth·Modulated Output 
• 
Five 8·Blt I/O Ports 
• 
Four 16·Blt Software Timers 


• 
16·Blt Watchdog Timer 
• 
10·Blt A/D Converter with S/H 
• Dynamically Configurable 8·Blt or 16·81tBuswldth 


The 80C196KA 
is the CHMOS upgrade for the 8096. It is pin-for-pin 
compatible 
and uses a true superset 
of the 
8096 instructions. 
At the same oscillator 
frequency 
the 80C196KA 
state tim~ generator 
operates 
1.5 times as 
fast as the 8096. 
In addition, 
many instruction 
execution 
times have been reduced 
providing 
up to twice 
the 
performance 
of a 12 MHz 8096 with a 12 MHz 80C196KA. 
Intel's 
CHMOS 
process 
provides 
a high perform- 
ance processor 
along with low power consumption. 
To further 
reduce power requirements, 
the processor 
can 
be placed 
into Idle or Powerdown 
Mode. 


Bit, byte, word and some 32-bit operations 
are available 
on the 80C196KA. 
With a 12 MHz oscillator 
a 16-bit 
addition 
takes 0.66 
/-Ls, and the instruction 
times average 
0.5 /-Ls to 1.5 /-Ls in typical 
applications. 


Four high-speed 
capture 
inputs are provided 
to record 
times which 
events 
occur. 
Six high-speed 
outputs 
are 
available 
for pulse or waveform 
generation. 
The high-speed 
output 
can also generate 
four software 
timers or 
start an A/D 
conversion. 
Events can be based on the timer or up/down 
counter. 


Also provided 
on-chip 
are an AID 
converter, 
serial port, watchdog 
timer, and a pulse-width-modulated 
output 
signal. 
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The 80C196KA 
is a member 
of the MCS@-96 family, 
and as such has the same 
architecture 
and uses the 
same instruction 
set as the 8096. Many new features 
have been added on the 80C196KA 
including: 


NEW INSTRUCTIONS 
PUSHA - 
PUSHes the PSW, IMASK, 
IMASK1, 
and WSR 


(Used instead 
of PUSHF when new interrupts 
and registers 
are used.) 


assembly 
language 
format: 
PUSHA 


object 
code format: 
< 1111 01 00 > 


bytes: 
1 


states: 
on-chip 
stack: 
12 


off-chip 
stack: 
18 


POPA - 
POPs t~e PSW, IMASK, IMASK1, and WSA 
(Used instead of POPF when new interrupts and registers are used.) 


assembly language format: POPA 
object code format: < 11110101> 
bytes: 1 


states: on-chip stack: 12 


off-chip stack:18 


IDLPD - 
Sets the part into Idle or Powerdown Mode 


assembly language format: IDLPD # key (key= 1 for Idle, key= 2 for Powerdown.) 
object code format: < 11110110> <key> 
bytes: 2 


states: legal key: 8 


illegal key: 25 


DJNZW - 
Decrement Jump Not Zero using a Word counter 


assembly language format: DJNZW wreg, cadd 
object code format: < 11100001> <wreg> <disp> 
bytes: 3 


states: jump not taken: 5 


jump taken: 9 


CMPL 
- 
Compare 2 long direct values 
assembly language format: 


DST 
SAC 
CMPL 
Lreg, Lreg 


object code format: < 11000101> < src Lreg> < dst Lreg> 
bytes: 
3 
states: 7 


BMOV - 
Block move using 2 auto-incrementing pointers and a counter 


PTRS CNTREG 
BMOV 
Lreg, 
wreg 


object code format: <11000001> <wreg> < Lreg> 
bytes: 3 
states: 


internal/internal: 
8 per transfer + 6 


external/internal: 
11 per transfer + 6 


external/external: 14 per transfer + 6 


All of the registers 
that were present 
on the 8096 work the same way as they did, except 
that the baud rate 
value is different. 
The new registers 
shown in the memory 
map control 
new functions. 
The most important 
new 
register 
is the Window 
Select 
Register 
(WSR) which 
allows 
reading 
of the formerly 
write-only 
registers 
and 
vice-versa. 
Using the WSR is described 
later in this data sheet. 


The 80C196KA 
is available 
in 68-pin 
PLCC and LCC packages. 
COntact your local sales office 
to determine 
the exact ordering 
code for the part desired. 


Lee 
PLee 
Description 
Lee 
PLee 
Description 
Lee 
PLee 
Description 


1 
9 
ACH7/PO.7 
24 
54 
AD6/P3.6 
47 
31 
P1.6 
2 
8 
ACH6/PO.6 
25 
53 
AD7/P3.7 
48 
30 
P1.5 
3 
7 
ACH2/PO.2 
26 
52 
AD8/P4.0 
49 
29 
HSO.1 
4 
6 
ACHO/PO.O 
27 
51 
AD9/P4.1 
50 
28 
HSO.O 
5 
5 
ACH1/PO.1 
28 
50 
AD10/P4.2 
51 
27 
HSO.5/HSI.3 
6 
4 
ACH3/PO.3 
29 
49 
AD11/P4.3 
52 
26 
HSO.4/HSI.2 
7 
3 
NMI 
30 
48 
AD12/P4.4 
53 
25 
HSI.1 


8 
2 
EA 
31 
47 
AD13/P4.5 
54 
24 
HSI.O 


9 
1 
Vcc 
32 
46 
AD14/P4.6 
55 
23 
P1.4 


10 
68 
Vss 
33 
45 
AD15/P4.7 
56 
22 
P1.3 
11 
67 
XTAL1 
34 
44 
T2CLK/P2.3 
57 
21 
P1.2 
12 
66 
XTAL2 
35 
43 
READY 
58 
20 
P1.1 
13 
65 
CLKOUT 
36 
42 
T2RST/P2.4 
59 
19 
P1.0 
14 
64 
BUSWIDTH 
. 37 
41 
BHE/WRH 
60 
18 
TXD/P2.0 
15 
63 
INST 
38 
40 
WR/WRL 
61 
17 
RXD/P2.1 
16 
62 
ALE/ADV 
39 
39 
PWM/P2.5 
62 
16 
RESET 
17 
61 
RD 
40 
38 
P2.7/T2CAPTURE 
63 
15 
EXTINT /P2.2 
18 
60 
ADO/P3.0 
41 
37 
Vpp 
64 
14 
CDE 
19 
59 
AD1/P3.1 
42 
36 
Vss 
65 
13 
VREF 
20 
58 
AD2/P3.2 
43 
35 
HSO.3 
66 
12 
ANGND 
21 
57 
AD3/P3.3 
44 
34 
HSO.2 
67 
11 
ACH4/PO.4 
22 
56 
AD4/P3.4 
45 
33 
P2.6/T2UP/DN 
68 
10 
ACH5/PO.5 
23 
55 
AD5/P3.5 
46 
32 
P1.7 


ACH5/PO.5 


ACH4/PO.4 


ANGNO 


VREF 


COE 


EXTINT/P2.2 


RESET 


RXO/P2.1 


TXO/P2.0 


PLO 


Pl.1 


Pl.2 


Pl.3 


Pl.4 


HSIO 


HSl1 


HSI2/HS04 
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'" 
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.... 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
1011121314151617 


~ 
18 


U 
19 
~ 
W 


65 
21 


64 
MCS®-96 
22 


63 
68 
PIN 
23 


62 
LEADLESS 
CHIP 
CARRIER 
24 


61 
TYPE "B" 
2S 
W 
D 


59 
TOP VIEW 
27 


58 
LOOKING 
DOWN ON 
28 


57 
COMPONENT 
SIDE 
29 


56 
OF PC BOARD 
30 
55 
31 
N 
U 
U 
N 


S2 
34 


SI 
SO 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 


AOO/P3.0 


A01/P3.1 


A02/P3.2 


A03/P3.3 


A04/P3.4 


A05/P3.5 


A06/P3.6 


A07/P3.7 


A08/P4.0 


A09/P4.1 


A010/P4.2 


A011/P4.3 


A012/P4.4 


AOI3!P4.S 


A014/P4.6 


AOI5/P4.7 


T2CLK/P2.3 


inter 


Symbol 
Name and Function 


Vcc 
Main supply voltage 
(5V). 


Vss 
Digital circuit ground (OV). There are two Vss pins, both of which must be connected. 


CDE 
Clock Detect Enable - When pulled high enables the clock failure detection 
circuit. If the 
XT AL 1 frequency 
falls below a specified 
limit the RESET pin will be pulled low. 


VREF 
Reference 
voltage for the AID converter 
(5V). VREF is also the supply voltage 
to the analog 
portion of the AID converter 
and the logic used to read Port O. Must be connected 
for AID 
and Port 0 to function. 


ANGND 
Reference 
ground for the A/D converter. 
Must be held at nominally 
the same potential 
as 
Vss· 


Vpp 
Timing pin for the return from powerdown 
circuit. Connect 
this pin with a 1 J.LFcapacitor 
to 
Vss and a 1 Mfi 
resistor to VCC. If this function 
is not used Vpp may be tied to Vcc. This pin 
was Vss on the 8X9X-90 
parts and will be the programming 
voltage 
on future EPROM parts. 


XTAL1 
Input of the oscillator 
inverter and of the internal 
clock generator. 


XTAL2 
Output of the oscillator 
inverter. 


CLKOUT 
Output of the internal clock generator. 
The frequency 
of CLKOUT 
is % the oscillator 
frequency. 
It has a 50% duty cycle. 


RESET 
Reset input to the chip. Input low for at least 4 state times to reset the chip. The subsequent 
low-to-high 
transition 
re- synchronizes 
CLKOUT 
and commences 
a 10-state-time 
sequence 
in 
which the PSW is cleared, a byte read from 2018H loads CCR, and a jump to location 
2080H 
is executed. 
Input high for normal operation. 
RESET has an internal 
pullup. 


BUSWIDTH 
Input for buswidth 
selection. 
If CCR bit 1 is a one, this pin selects the bus width for the bus 
cycle in progress. 
If BUSWIDTH 
is a 1, a 16-bit bus cycle occurs. 
If BUSWIDTH 
is a 0 an 8-bit 
cycle occurs. 
If CCR bit 1 is a 0, the bus is always an 8-bit bus. This pin is the TEST pin on 
8X9X-90 
parts. Systems with TEST tied to Vcc do not need to change. 


NMI 
A positive transition 
causes a vector through 
203EH. 


INST 
Output high during an external 
memory read indicates 
the read is an instruction 
fetch. 
INST is 
valid throughout 
the bus cycle. INST is activated 
only during external 
memory accesses. 


EA 
Input for memory select (External Access). 
EA equal to a TTL-high 
causes memory accesses 
to locations 
2000H through 3FFFH to be directed 
to on-chip 
ROM/EPROM. 
EA equal to a 
TTL-Iow causes acccesses 
to these locations 
to be directed 
to off-chip 
memory. 


ALE/ADV 
Address 
Latch Enable or Address 
Valid output, as selected 
by CCR. Both pin options 
provide 
a latch to demultiplex 
the address from the address/data 
bus. When the pin is ADV, it goes 
inactive high at the end of the bus cycle. ADV can be used as a chip select for external 
memory. ALE/ ADV is activated 
only during external 
memory accesses. 


RD 
Read signal output to external 
memory. 
RD is activated 
only during external 
memory 
reads. 


WR/WRL 
Write and Write Low output to external 
memory, as selected 
by the CCR. WR will go low for 
every external write, while WRL will go low only for external writes where an even byte is 
being written. WR/WRL 
is activated 
only during external 
memory writes. 


BHE/WRH 
Bus High Enable or Write High output to external 
memory, as selected 
by the CCR. BHE = 0 
selects the bank of memory that is connected 
to the high byte of the data bus. AO = 0 
selects the bank of memory that is connected 
to the low byte of the data bus. Thus accesses 
to a 16-bit wide memory can be to the low byte only (AO = 0, BHE = 1), to the high byte only 
(AO = 1, BHE = 0), or both bytes (AO = 0, BHE = 0). If the WRH function 
is selected, 
the 
pin will go low if the bus cycle is writing to an odd memory location. 
BHE/WRH 
is valid only 
during 16-bit external 
memory write cycles. 


inter 


Symbol 
Name and Function 


READY 
Ready input to lengthen 
external 
memory cycles, for interfacing 
to slow or dynamic 
memory, 
or for bus sharing. If the pin is high, CPU operation 
continues 
in a normal manner. 
If the pin is 
low prior to the falling edge of CLKOUT, 
the memory controller 
goes into a wait mode until the 
next positive transition 
in CLKOUT 
occurs with READY high. When the external 
memory 
is 
not being used, READY has no effect. 
Internal control 
of the number of wait states inserted 
into a bus cycle held not ready is available 
through configuration 
of CCR. 


HSI 
Inputs to High Speed Input Unit. Four HSI pins are available: 
HSI.O, HSI.1, HSI.2, and HSI.3. 


Two of them (HSI.2 and HSI.3) are shared with the HSO Unit. The HSI pins are also used as 
inputs by future EPROM parts in Programming 
Mode. 


HSO 
Outputs from High Speed Output Unit. Six HSO pins are available: 
HSO.O, HSO.1, HSO.2, 
HSO.3, HSO.4, and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the HSI Unit. 


Port 0 
8-bit high impedance 
input-only 
port. These pins can be used as digital inputs and/or 
as 
analog inputs to the on-chip AID 
converter. 
These pins are also a mode input to future 
EPROM parts in the Programming 
Mode. 


Port 1 
8-bit quasi-bidirectional 
I/O port. 


Port 2 
8-bit multi-functional 
port. All of its pins are shared with other functions 
in the 80C196KA. 


Ports 3 and 4 
8-bit bi-directionall/O 
ports with open drain outputs. These pins are shared with the 
multiplexed 
address/data 
bus which has strong internal pullups. Available 
only on future 
ROM and EPROM parts. 


Mnemonic 
Operands 
Operation 
(Note 
1) 
Flags 
Notes 


Z 
N 
C 
V 
VT 
ST 


ADD/ADDB 
2 
D+-D+A 
v 
v 
v 
v 
i 
- 


ADD/ADDB 
3 
D+-B+A 
v 
v 
v 
v 
i 
- 


ADDC/ADDCB 
2 
D+-D+A+C 
-! 
v 
v 
v 
i 
- 


SUB/SUBB 
2 
D+-D-A 
v 
v 
v 
v 
i 
- 


SUB/SUBB 
3 
D+-B-A 
v 
v 
v 
v 
i 
- 


SUBC/SUBCB 
2 
D+-D-A+C-1 
-! 
v 
v 
v 
i 
- 


CMP/CMPB 
2 
D-A 
v 
v 
v 
v 
i 
- 


MUL/MULU 
2 
0,0 + 2 +- 
0 x A 
- 
- 
- 
- 
- 
- 
2 


MUL/MULU 
3 
0,0 + 2 +- 
B x A 
- 
- 
- 
- 
- 
- 
2 


MULB/MULUB 
2 
0,0 + 1 +- 
0 x A 
- 
- 
- 
- 
- 
- 
3 


MULB/MULUB 
3 
0,0 + 1 +- 
B x A 
- 
- 
- 
- 
- 
- 
3 


DIVU 
2 
o +- 
(0,0 + 2) / A,D + 2 +- 
remainder 
- 
- 
- 
v 
i 
- 
2 


DIVUB 
2 
o +- 
(0,0 + 1) /A,D + 1 +- 
remainder 
- 
- - 
v 
i 
- 
3 


DIV 
~ 
o +- 
(0,0 + 2) / A,D + 2 +- 
remainder 
- 
- 
- 
v 
i 
- 


DIVB 
2 
o +- 
(0,0 + 1) /A,D + 1 +- 
remainder 
- 
- 
- 
v 
i 
- 


AND/ANDB 
2 
o +- 
DANDA 
v 
v 
0 
0 
- 
- 


AND/ANDB 
3 
o +- 
BANDA 
v 
v 
0 
0 
- 
- 


OR/ORB 
2 
o +- 
DORA 
v 
v 
0 
0 
- 
- 


XOR/XORB 
2 
o +- 
0 (ecxl. or) A 
v 
v 
0 
0 
- 
- 


LD/LDB 
2 
D+-A 
- 
- 
- 
- 
- 
- 


ST/STB 
2 
A+-D 
- 
- 
- 
- 
- 
- 


LDBSE 
2 
o +- 
A; 0 + 1 +- 
SIGN(A) 
- 
- 
- 
- 
- 
- 
3,4 


LDBZE 
2 
o +- 
A; 0 + 1 +-0 
- 
- 
- 
- 
- 
- 
3,4 


PUSH 
1 
SP +- 
SP - 
2; (SP) +- 
A 
- 
- - 
- 
- 
- 


POP 
1 
A +- 
(SP); SP + 2 
- 
- 
- 
- 
- 
- 


PUSHF 
0 
SP +- 
SP - 
2; (SP) +- 
PSW; 
0 
0 
0 
0 
0 
0 
PSW +- 
OOOOH;I+-O 


POPF 
0 
PSW +- 
(SP); SP +- 
SP + 2; I +- 
v 
v 
v 
v 
v 
v 
v 


SJMP 
1 
PC +- 
PC + 11-bit offset 
- 
- - 
- 
- 
- 
5 


LJMP 
1 
PC +- 
PC + 16-bit offset 
- 
- 
- 
- 
- 
- 
5 


BR(jndirectl 
1 
PC +- 
(A) 
- 
- 
- 
- 
- 
- 


SCALL 
1 
SP +- 
SP - 
2; 
- 
- 
- 
- 
- 
- 
5 
(SP) +- 
PC; PC +- 
PC + 11-bit offset 


LCALL 
1 
SP +- 
SP - 
2; (SP) +- 
PC; 
- 
- 
- 
- 
- 
- 
5 
PC +- 
PC + 16-bit offset 


Mnemonic 
Operands 
Operation 
(Note 
1) 
Flags 
Notes 


Z 
N 
C 
V 
VT 
ST 


RET 
0 
PC - 
(SP);SP 
- 
SP + 2 
- 
- 
- 
- 
- 
- 


J (conditional) 
1 
PC - 
PC + a-bit offset (if taken) 
- 
- 
- 
- 
- 
- 
5 


JC 
1 
Jump ifC = 1 
- 
- 
- 
- 
- 
- 
5 


JNC 
1 
jumpifC 
= 0 
- - - 
- 
- 
- 
5 


JE 
1 
jump if Z = 1 
- 
- 
- 
- 
- 
- 
5 


JNE 
1 
Jump if Z = 0 
- 
- 
- 
- 
- 
- 
5 


JGE 
1 
Jump if N = 0 
- 
- 
- 
- 
- 
- 
5 


JLT 
1 
Jump if N = 1 
- - - - - 
- 
5 


JGT 
1 
Jump if N = 0 and Z = 0 
- 
- 
- 
- 
- 
- 
5 


JLE 
1 
Jump if N = 1 or Z = 1 
- 
- 
- 
- 
- - 
5 


JH 
1 
Jump if C = 1 and Z = 0 
- 
- 
- 
- 
- 
- 
5 


JNH 
1 
Jump if C = 0 or Z = 1 
- 
- 
- 
- 
- 
- 
5 


JV 
1 
Jump if V = 0 
- 
- 
- 
- 
- 
- 
5 


JNV 
1 
Jump if V = 1 
- 
- 
- 
- 
- 
- 
5 


JVT 
1 
Jump if VT = 1; Clear VT 
- 
- 
- 
- 
0 
- 
5 


JNVT 
1 
Jump if VT = 0; Clear VT 
- 
- 
- 
- 
0 
- 
5 


JST 
1 
Jump if ST = 1 
- 
- 
- 
- 
- 
- 
5 


JNST 
1 
JumpifST 
= 0 
- 
- 
- 
- 
- 
- 
5 


JBS 
3 
Jump if Specified 
Bit = 1 
- 
- 
- 
- 
- - 
5,6 


JBC 
3 
Jump if Specified 
Bit = 0 
- 
- 
- 
- 
- 
- 
5,6 


OJNZI 
1 
0- 
0 -1; 
- 
- 
- 
- 
- 
- 
5 


OJNZW 
If 0 "* 0 then PC - 
PC + a-bit offset 


OEC/OECB 
1 
0-0-1 
~ ~ ~ ~ t 
- 


NEG/NEGB 
1 
0-0-0 
~ ~ ~ ~ t 
- 


INC/INCB 
1 
0-0+1 
~ ~ ~ ~ t 
- 


EXT 
1 
o - 
0; 0 + 2 - 
Sign (D) 
~ ~ 
0 
0 
- 
- 
2 


EXTB 
1 
o - 
0; 0 + 1 - 
Sign (D) 
~ ~ 
0 
0 
- 
- 
3 


NOT/NOTB 
1 
o - 
Logical Not (D) 
~ ~ 
0 
0 
- 
- 


CLR/CLRB 
1 
0-0 
1 
0 
0 
0 
- 
- 


SHL/SHLB/SHLL 
2 
C - 
msb - - - - - Isb - 
0 
~ ~ ~ ~ t 
- 
7 


SHRISHRB/SHRL 
2 
o ~ 
msb - - - - - Isb ~ 
C 
~ ~ ~ 
0 
- 
~ 
7 


SHRAISHRAB/SHRAL 
2 
msb 
~ 
msb - - - - - Isb ~ 
C 
~ ~ ~ 
0 
- 
~ 
7 


SETC 
0 
C-1 
- 
- 
1 
- 
- 
- 


CLRC 
0 
C-O 
- 
- 
0 
- 
- 
- 


"ntJ 


Mnemonic 
Operands 
Operation 
(Note 
1) 
Flags 
Notes 


Z 
N 
C 
V 
VT 
ST 


CLRVT 
0 
VT 
- 
0 
- 
- 
- 
- 
0 
- 


RST 
0 
PC - 
2080H 
0 
0 
0 
0 
0 
0 
8 


DI 
0 
Disable Allinterupts 
(I - 
0) 
- 
- 
- 
- 
- 
- 


EI 
0 
Enable Allinterupts 
(I - 
1) 
- 
- 
- 
- 
- 
- 


NOP 
0 
PC-PC+1 
- 
- 
- 
- 
- 
- 


SKIP 
0 
PC-PC+2 
- 
- 
- 
- 
- 
- 


NORML 
2 
Left shift till msb = 
1;D - 
shift count 
" " 
0 
- 
- 
- 
7 


TRAP 
0 
SP - 
SP - 
2; 
- 
- 
- 
- 
- 
- 
9 


(SP) 
- 
PC; PC - 
(2010H) 


PUSHA 
1 
SP - 
SP-2; (SP) 
- 
PSW; 
0 
0 
0 
0 
0 
0 
PSW 
- 
OOOOH;SP - 
SP-2; 


(SP) 
- 
IMASK1 IWSR; 
IMASK1 
- 
OOH 


POPA 
1 
IMASK1/WSR 
- 
(SP); SP - 
SP+2 
" " " " " " 
PSW 
- 
(SP); SP - 
SP+2 


IDLPD 
1 
IDLE MODE IF KEY = 1; 
- 
- 
- 
- 
- 
- 
POWER DOWN MODE IF KEY = 2; 
CHIP RESET OTHERWISE 


CMPL 
2 
D-A 
" " " " i 
- 


BMOV 
2 
[PTR_Hll 
+ 
- 
[PTR_LOWl 
+ ; 
- 
- 
- 
- 
- 
- 
UNTILCOUNT=O 


NOTES: 
1. If the mnemonic ends in "S" a byte operation is performed, otherwise a word operation is done. Operands is done. 


Operands D, S, and A must conform to the alignment rules for the required operand type. D and S are locations in the 
Register File; A can be located anywhere in memory. 
2. D,D + 2 are consecutive WORDS in memory; D is DOUSLE·WORD aligned. 
3. D,D + 1 are consecutive SYTES in memory; D is WORD aligned. 
4. Changes a byte to word. 
5. Offset is a 2's complement number. 
6. Specified bit is one of the 204a bits in the register file. 
7. The "L" (Long) suffix indicates double-word operation. 
a. Initiates a Reset by pulling RESET low. Software should re-initialize all the necessary registers with code starting at 20aOH. 
9. The assembler will not accept this mnemonic. 


MNEMONIC 
DIRECT 
IMMED 
INDIRECT 
INDEXED 


NORMAL' 
A·INC' 
SHORT" 
LONG' 


ADD 
(3-op) 
5 
6 
7/9 
8/10 
7/9 
8/10 
SUB 
(3-op) 
5 
6 
7/9 
8/10 
7/9 
8/10 
ADD 
(2-op) 
4 
5 
6/8 
7/9 
6/8 
7/9 
SUB 
(2-op) 
4 
5 
6/8 
7/9 
6/8 
7/9 
ADDC 
4 
5 
6/8 
7/9 
6/8 
7/9 
SUBC 
4 
5 
6/8 
7/9 
6/8 
7/9 
CMP 
4 
5 
6/8 
7/9 
6/8 
7/9 
ADDB 
(3-op) 
5 
5 
7/9 
8/10 
7/9 
8/10 
SUBB 
(3-op) 
5 
5 
7/9 
8/10 
7/9 
8/10 
ADDB 
(2-op) 
4 
4 
6/8 
7/9 
6/8 
7/9 
SUBB 
(2-op) 
4 
4 
6/8 
7/9 
6/8 
7/9 
ADDCB 
4 
4 
6/8 
7/9 
6/8 
7/9 
SUBCB 
4 
4 
6/8 
7/9 
6/8 
7/9 
CMPB 
4 
4 
6/8 
7/9 
6/8 
7/9 


MUL 
(3-op) 
16 
17 
18/21 
19/22 
19/22 
20/23 
MULU 
(3-op) 
14 
15 
16/19 
17/20 
17/20 
18/21 
MUL 
(2-op) 
16 
17 
18/21 
19/22 
19/22 
20/23 
MULU 
(2-op) 
14 
15 
16/19 
17/20 
17/20 
18/21 
DIV 
26 
27 
28/31 
29/32 
29/32 
30/33 
DIVU 
24 
25 
26/29 
27/30 
27/30 
28/31 
MULB 
(3-op) 
12 
12 
14/17 
15/18 
15/18 
16/19 
MULUB 
(3-op) 
10 
10 
12/15 
12/16 
12/16 
14/17 
MULB 
(2-op) 
12 
12 
14/17 
15/18 
15/18 
16/19 
MULUB 
(2-op) 
10 
10 
12/15 
12/16 
12/16 
14/17 
DIVB 
18 
18 
20/23 
21/24 
21/24 
22/25 
DIVUB 
16 
16 
18/21 
19/22 
19/22 
20/23 


AND 
(3-op) 
5 
6 
7/9 
8/10 
7/9 
8/10 
AND 
(2-op) 
4 
5 
6/8 
7/9 
6/8 
7/9 
OR 
(2-op) 
4 
5 
6/8 
7/9 
6/8 
7/9 
XOR 
4 
5 
6/8 
7/9 
6/8 
7/9 
AN DB (3-op) 
5 
5 
7/9 
8/10 
7/9 
8/10 
AN DB (2-op) 
4 
4 
6/8 
7/9 
6/8 
7/9 
ORB 
(2-op) 
4 
4 
6/8 
7/9 
6/8 
7/9 
XORB 
4 
4 
6/8 
7/9 
6/8 
7/9 


LD/LDB 
4 
5 
5/7 
6/8 
6/8 
7/9 
ST/STB 
4 
5 
5/7 
6/8 
6/8 
7/9 
LDBSE 
4 
4 
5/7 
6/8 
6/8 
7/9 
LDBZE 
4 
4 
5/7 
6/8 
6/8 
7/9 


BMOV 
6+8 
per word 
6 + 
11/14 per word 


PUSH 
(intstack) 
6 
7 
9/12 
10/13 
10/13 
11/14 
POP 
(intstack) 
8 
- 
10/12 
11/13 
11/13 
12/14 
PUSH 
(extstack) 
8 
9 
11/14 
12/15 
12/15 
13/16 
POP 
(extstack) 
11 
- 
13/15 
14/16 
14/16 
15/17 


MNEMONIC 
MNEMONIC 


- 
PUSHF (ext stack) 
8 
PUSHF (int stack) 
6 


POPF (int stack) 
7 
POPF (ext stack) 
10 


PUSHA (int stack) 
12 
PUSHA (ext stack) 
18 
POPA (int stack) 
12 
POPA (ext stack) 
18 


TRAP (int stack) 
16 
TRAP (ext stack) 
18 
LCALL (int stack) 
11 
LCALL (ext stack) 
13 
SCALL (int stack) 
11 
SCALL (ext stack) 
13 
RET (int stack) 
11 
RET (ext stack) 
14 


CMPL 
7 
OEC/OECB 
3 
CLR/CLRB 
3 
EXT/EXTB 
4 
NOTINOTB 
3 
INC/INCB 
3 
NEGINEGB 
3 


LJMP 
7 


SJMP 
7 


BR [indirectl 
7 


JNST, JST 
4/8 jump not taken/jump 
taken 


JNH, JH 
4/8 jump not taken/jump 
taken 


JGT, JLE 
4/8 jump not taken/jump 
taken 


JNC,JC 
4/8 jump not taken/jump 
taken 


JNVT,JVT 
4/8 jump not taken/jump 
taken 


JNV, JV 
4/8 jump not taken/jump 
taken 


JGE, JLT 
4/8 jump not taken/jump 
taken 


JNE, JE 
4/8 jump not taken/jump 
taken 


JBC,JBS 
5/9 jump not taken/jump 
taken 


OJNZ 
5/9 jump not taken/jump 
taken 


OJNZW 
5/9 jump not taken/jump 
taken 


NORML 
8 + 1 per shift (9 for 0 shift) 


.. 


SHRL 
7 + 1 per shift (8 for 0 shift) 


SHLL 
7 + 1 per shift (8 for 0 shift) 


SHRAL 
7 + 1 per shift (8 for 0 shift) 


SHR/SHRB 
6 + 1 per shift (7 for 0 shift) 


SHL/SHLB 
6 + 1 per shift (7 for 0 shift) 


SHRAISHRAB 
6 + 1 per shift (7 for 0 shift) 


CLRC 
2 


SETC 
2 


01 
2 


EI 
2 


CLRVT 
2 


NOP 
2 


RST 
15 (includes fetch of configuration 
byte) 


SKIP 
3 


10LPO 
8/25 (proper key/improper 
key) 


inter 


EXTERNAL MEMORY OR I/O 


INTERNAL ROM/EPROM 
OR 
EXTERNAL MEMORY' 


RESERVED 


UPPER 8 INTERRUPT VECTORS 
(NEW ON 80C196KA) 


ROM/EPROM 
SECURITY KEY' 


RESERVED 


CHIP CONFIGURATION 
BYTE 


RESERVED 


LOWER 8 INTERRUPT VECTORS 
PLUS 2 SPECIAL INTERRUPTS 


PORT 3 AND PORT 4 


EXTERNAL MEMORY OR I/O 


INTERNAL DATA MEMORY - REGISTER FILE 


(STACK POINTER, RAM AND SFRS) 
EXTERNAL PROGRAM CODE MEMORY 


Number 
Source 
Vector 
Priority 
Location 


INT15 
NMI 
203EH 
15 


INT14 
HSI FIFO Full 
, 


203CH 
14 


INT13 
EXTINTPin 
203AH 
13 


INT12 
TIMER2 
Overflow 
2038H 
12 


INT11 
TIMER2 
Capture 
2036H 
11 


INT10 
4th Entry into HSI FIFO 
2034H 
10 


INT09 
RI 
2032H 
9 


INT08 
TI 
2030H 
8 


SPECIAL 
Unimplemented 
Opcode 
2012H 
N/A 


SPECIAL 
Trap 
2010H 
N/A 


INT07 
EXTINT 
200EH 
7 


INT06 
Serial Port 
200CH 
6 


INT05 
Software 
Timer 
200AH 
5 


INT04 
HSI.O Pin 
2008H 
4 


INT03 
High Speed Outputs 
2006H 
3 


INT02 
HSI Data Available 
2004H 
2 


INT01 
AID 
Conversion 
Complete 
2002H 
1 


INTOO 
Timer Overflow 
2000H 
0 


STACK POINTER 


'IOS2 


10Sl 


10SO 


'WSR 


'INT_MASKl 


'INT 
PEND1 


'SP 
STAT 


PORT2 


PORT1 


PORTO 


TIMER2 (HI) 


TIMER2 (LO) 


TIMERl 
(HI) 


TIMERl 
(LO) 


INT 
PENDING 


INT_MASK 


SBUF(RX) 


HSI 
STATUS 


HSI 
TIME (HI) 


HSLTIME 
(LO) 


AD_RESULT 
(HI) 


AD 
RESULT (LO) 


ZERO REG (HI) 


ZERO REG (LO) 


STACK POINTER 


PWM_CONTROL 


IOC1 


lOCO 


'WSR 


'INT_MASK1 


'INT 
PEND 1 


'SP 
CON 


PORT2 


PORT1 


BAUD RATE 


TIMER2 (HI) 


TIMER2 (LO) 


'IOC2 


WATCHDOG 


INT 
PENDING 


INT 
MASK 


SBUF(TX) 


HSO_COMMAND 


HSO 
TIME (HI) 


HSO 
TIME (LO) 


HSI_MODE 


AD_COMMAND 


ZERO REG (HI) 


ZERO REG (LO) 


ODH 
'T2 CAPTURE (HI) 


OCH 
'T2 CAPTURE (LO) 


OTHER SFRS IN WSR 
15 BECOME READABLE 
IF THEY WERE WRITABLE 
IN WSR ~ 0 AND WRITABLE 
IF THEY WERE READABLE 
INWSR 
= 0 


inter 


I/O register 
expansion 
on the new CHMOS 
members 
of the MCS-96 family has been provided 
by making two 
register 
windows 
available. 
Switching 
between 
these 
windows 
is done 
using the Window 
Select 
Register 


(WSR). The PUSHA and POPA instructions 
can be used to push and pop the WSR and second 
interrupt 
mask 
when entering 
or leaving 
interrupts, 
so it is easy to change 
between 
windows. 


On the 80C196KA 
only Window 0 and Window 
15 are active. Window 0 is a true superset 
of the standard 
8096 
SFR space, while Window 
15 allows the read-only 
registers 
to be written 
and write-only 
registers 
to be read. 


The only major exception 
to this is the Timer2 register which is the Timer2 capture 
register 
in Window 
15. The 
writeable 
register 
for Timer2 
is in Window 
O. There are also some minor changes 
and cautions. 
The descrip- 


tions of the registers 
which 
have different 
functions 
in Window 
15 than in Window 
0 are listed below: 


AD_COMMAND 
(02H) 
- 
Read the last written 
command 


AD_RESULT 
(02H, 03H) - 
Write a value into the result register 


HSI_MODE 
(03H) 
- 
Read the value in HSI_MODE 


HSI_ TIME (04H,05H) 
- 
Write to FIFO Holding 
register 


HSO_ 
TIME (04H,05H) 
- 
Read the last value placed 
in the holding 
register 


HSI_STATUS 
(06H) 
- 
Write to status bits but not to HSI pin bits. (Pin bits are 1,3,5,7). 


HSO_COMMAND 
(06H) 
- 
Read the last value placed 
in the holding 
register 


SBUF(RX) 
(07H) 
- 
Write a value into the receive 
buffer 


SBUF(TX) 
(07H) 
- 
Read the last value written 
to the transmit 
buffer 


WATCHDOG(OAH) 
- 
Read the value in the upper byte of the WDT 


T1MER1 (OAH,OBH) 
- 
Write a value to Timer1 


TIMER2 
(OCH,ODH) 
- 
Read/Write 
the Timer2 
capture 
register. 


Note that Timer2 
read/write 
is done with WSR =o. 


- 
Last written 
value is readable, 
except 
bit 7 (note 
1) 


- 
No function, 
cannot 
be read 


- 
No function, 
no output drivers 
on the pins 


- 
Set the status bits, TI and RI can be set, but it will not cause an interrupt 


- 
Read the current 
control 
byte 


- 
Writing to this register 
controls 
the HSO pins. Bits 6 and 7 are inactive for writes. 


- 
Last written 
value is readable, 
except 
bit 1 (note 1) 


- 
Writing to this register will set the status bits, but not cause interrupts. 
Bits 6 and 


7 are not functional 


- 
Last written 
value is readable 


- 
Writing to this register 
will set the status bits, but not cause interrupts. 


- 
Read the duty cycle value written 
to PWM_CONTROL 


IOC2 (OBH) 


BAUD_RATE 
(OEH) 


PORTO (OEH) 


SP_STAT 
(11 H) 


SP_CON 
(11H) 


10SO (15H) 


lOCO (15H) 


10Sl 
(16H) 


IOC1 (16H) 


IOS2 (17H) 


PWM_CONTROL 
(17H) 


NOTE: 
1. IOC2.7 (CAM CLEAR) 
and IOCO.1 (T2RST) 
are not latched 
and will read as a 1 (precharged 
bus) . 


Being able to write to the read-only 
registers 
and vice-versa 
provides 
a lot of flexibility. 
One of the most useful 


advantages 
is the ability to set the timers 
and HSO lines for initial conditions 
other than zero. 


inter 


A summary 
of the 
SFRs 
which 
control 
I/O 
functions 
has been 
included 
in this 
section. 
The 
summary 
is 
separated 
into a list of those 
SFRs 
which 
have 
changed 
on the 80C196 
and a list of those 
which 
have 
remained 
the same. 


The following 
80C196 
SFRs are different 
than those on the 8096BH: 


(The Read and Write comments 
indicate 
the register's 
function 
in Window 
0 unless otherwise 
specified.) 


SBUF(TX): 
07h 
write 


BAUD RATE: 
OEh 
write 


7 
6 
5 
4 
3 
2 
1 
0 


RB8/ 
RI 
TI 
FE 
TXE 
OE 
X 
X 
RPE 


11h 
read 


RPE: 
RI: 
TI: 
FE: 


TXE: 
OE: 


Receive 
Parity Error 


Receive 
Indicator 


Transmit 
Indicator 


Framing 
Error 


Transmitter 
Empty 


Receive 
Overrun 
Error 


IPEND1: 
IMASK1: 


12h,13h 
read/write 


7 
6 
5 
4 
3 
2 
1 
0 


NMI 
FIFO 
EXT 
T2 
T2 
HSI4 
RI 
TI 
FULL 
INT 
OVF 
CAP 


NMI: 


FIFO FULL 
HSIO FIFO full 


External 
Interrupt 
Pin 


Timer2 Overflow 


Timer2 
Capture 


HSI has 4 or more entries 
in FIFO 


Receive 
Interrupt 


Transmit 
Interrupt 


EXTINT: 


T20VF: 


T2CAP: 


HSI4: 
RI: 


TI: 


08h 
write 


14h 


read/write 


17h 
read 


WWWW= 
0 : SFRs function 
like a superset 
of 8096 SFRs 


WWWW=15 
Exchange 
read/write 
registers 


WWWW= 
OTHER: 
Undefined, 
do not use 


XXXX = 00008 
: 
These 
bits must always 
be written 
as zeros to provide 
compatibility 


with future 
products. 


7 
6 
5 
4 
3 
2 
1 
0 


START 
T2 
HSO.5 
HSO.4 
HSO.3 
HSO.2 
HSO.1 
HSO.O 
A2D 
RESET 


Indicates 
which 
HSO event occured 


START A2D: 
HSO_CMD 
15, start A to D 


T2RESET 
: 
HSO_CMD 
14, Timer 2 reset 


HSO.0-5 
: 
Output 
pins HSO.O through 
HSO.5 


7 
6 
5 
4 
3 
2 
1 
0 


CLEAR 
ENA 
T2ALT 
A2D 
NOSH 
SLOW 
T2UD 
FAST 


CAM 
LOCK 
INT 
CPD 
PWM 
ENA 
T2EN 


CLEAR_CAM: 


ENA-LOCK: 


T2ALTINT: 


A2D_CPD: 


Clear Entire CAM 


Enable 
lockable 
CAM entry feature 


Enable T2 Alternate 
Interrupt 
at 8000H 


Clock 
Prescale 
Disable 
for low XTAL frequency 
(A to D conversion 
in 


fewer state times) 


Disable AID 
Sample 
and Hold 


Turn on divide by 2 Prescaler 
on PWM 


Enable Timer 2 as up/down 
counter 


Enable 
Fast increment 
of T2; once per state time. 


NOSH: 


SLOW_PWM: 


T2UDENA: 


FAST_T2EN: 


AID Command (02H) 


m 
J 


CHANNEL # SELECTS WHICH OF THE 8 


1 
ANALOG INPUT CHANNELS 
IS TO BE 


CONVERTED TO DIGITAL FORhl. 


: 
GO INDICATES WHEN THE CONVERSION IS TO 
BE INITIATED (GO = 1 hlEANS START NOW, 
GO= 0 hlEANS THE CONVERSION IS TO BE 
INITIATED BY THE HSO UNIT AT A SPECIFIED T1hlE). 
270428-6 
:] 
STATUS: 
o = AID CURRENTLY IDLE 
1 = CONVERSION IN PROCESS 
x 


X 


AID RESULT: 
LEAST SIGNIFICANT 2 BITS 


POWER DOWN 
MODE 
ENABLE 
* 


BUS 
WIDTH 
SELEC_T 
_ 


(16 
- 
BIT BUS /8- 
BIT BUS) 


WRITE 
STROBE 
MODE SELECT 


(WR 
AND 
BHE/WRL 
AND 
WRH) 


ADDRESS 
VALID 
STROBE 
SELECT 


(ALE/ 
ADV) 


(lRCO) 
} INTERNAL 
READY 
CONTROL 


(IRC1) 
MODE 


(LOCO) 
} 
(LOCI) 
PROGRAM 
LOCK 
MODE 


270428-7 


HSl.l 
STATUS 


HSI.2 
STATUS 


HSI.3 
STATUS 


WHERE 
FOR EACH 
2 - 
BIT STATUS 
FIELD 
THE 
LOWER 
BIT INDICATES 
WHETHER 
OR NOT AN 
EVENT 
HAS 


OCCURED 
ON THIS 
PIN AND 
THE 
UPPER 
BIT INDICATES 


THE CURRENT 
STATUS 
OF THE PIN. 


SPCON(IIH) 


BIT. 1 , BIT.O SPECIFY 
THE MODE 


0.0 = MODE 0 
1.0 = MODE 2 


0.1 = MODE 1 
1.1 = MODE 3 


PEN 
ENABLE 
THE PARITY 
FUNCTION 


REN ENABLES 
THE RECEIVE 
FUNCTION: 


TBB 
PROGRAMS 
THE 9TH 
DATA 
BIT 


HSI.O 
MODE 


HSI.l 
MODE 


HSI.2 
MODE 


HSI.3 
MODE 


WHERE 
EACH 
2 - 
BIT MODE CONTROL 
FIELD 


DEFINES 
ONE 
OF 4 POSSIBLE 
MODES: 


00 
B POSITIVE 
TRANSITIONS 


01 
EACH 
POSITIVE 
TRANSITION 


10 
EACH 
NEGATIVE 
TRANSITION 


11 
EVERY TRANSITION 
(POSITIVE 
AND 
NEGATIVE) 


CHANNEL: 


0-5 
HSO.O - 
HSO.5 


] 


6 
HSO.O 
AND 
HSO.l 


7 
HSO.2 
AND 
HSO.3 


B-B 
SOFTWARE 
TIMERS 


E 
RESET TIMER2 


I' 
START 
A/D 
CONVERSION 


INTERRUPT 
/ 
NO INTERRUPT 


SET /CLEAR 


TIMER 
2/TIMER 
1 


LOCK 
CAM* 


HSO.O 
CURRENT 
STATE 


HSO.l 
CURRENT 
STATE 


HSO.2 
CURRENT 
STATE 


HSO.3 
CURRENT 
STATE 


HSO.4 
CURRENT 
STATE 


HSO.5 
CURRENT 
STATE 


CAM QB HOLDING 
REGISTER 
IS FULL 


HSO 
HOLDING 
REGISTER 
IS FULL 


270428-12 


inter 


HSI.O INPUT ENABLE I DISABLE 


TIMER 2 RESET EACH WRITE 


HSJ.l 
INPUT ENABLE I DISABLE 


TIMER 2 EXTERNAL RESET ENABLE I DISABLE 


HSI.2 
INPUT ENABLE I DISABLE 


TIMER 2 RESET SOURCE HSI.OI T2RST 


HSI.:5 INPUT ENABLE I DISABLE 


TIMER 2 CLOCK SOURCE HSI.l I T2CLK 


270428-13 


SOFTWARE TIMER 0 EXPIRED 


SOFTWARE TIMER 1 EXPIRED 


SOFTWARE TIMER 2 EXPIRED 


SOFTWARE TIMER :5 EXPIRED 


TIMER 2 HAS OVERfLOW 


TIMER 1 HAS OVERfLOW 


HSI flfO 
IS fULL 


HSI HOLDING REGISTER DATA AVAILABLE 


270428-14 


SELECT PWMI SELECT P2.5 


EXTERNAL INTERRUPT ACH7 I EXTINT 


TIMER 1 OVERfLOW 
INTERRUPT ENABLEI DISABLE 


TIMER 2 OVERfLOW 
INTERRUPT ENABLEI DISABLE 


HSO.4 OUTPUT ENABLE I DISABLE 


SELECT TXDI SELECT P2.0 


HSO.5 
OUTPUT ENABLEI DISABLE 


HSI INTERRUPT 
FIFO FULL / -H-O-LD-'N-G-R-E-G-IS-TE-R-L-O-A-D-ED 


270428-15 


Pin 
Func. 
Alternative 
Control 


Function 
Reg. 


2.0 
Output 
TXO (Serial Port 
IOC1.5 


Transmit) 


2.1 
Input 
RXO (Serial Port 
SPCON.3 


Receive) 


2.3 
Input 
T2CLK (Timer2 Clock 
IOCO.7 


& Baud) 


2.4 
Input 
T2RST (Timer2 Reset) 
IOCO.5 


2.5 
Output 
PWM Output 
IOC1.0 


2.6 
OBO· 
Timer2 up/ 
IOC2.1 


down select 


2.7 
OBO· 
Timer2 Capture 
N/A 


Asynchronous 
Modes 1, 2 and 3: 


XTAL1 
1 OR 
T2CLK 


Baud_Reg = BaudRate x 16 
BaudRate x 8 


Synchronous 
Mode 0: 


XTAL1 
OR 
T2CLK 


Baud-Reg = BaudRate x 2 
1 
BaudRate 


Baud 
XTAL Frequency 


Rate 
8.0 MHz 
10.0 MHz 
12.0 MHz 


300 
1666/ -0.02 
2082/0.02 
2499/0.00 


1200 
416/-0.08 
520/ -0.03 
624/0.00 


2400 
207/0.16 
259/0.16 
312/-0.16 


4800 
103/-0.16 
129/0.16 
155/0.16 


9600 
51/-0.16 
64/0.16 
77/0.16 


19.2K 
25/0.16 
32/1.40 
38/0.16 


A maximum baud rate of 750 Kbaud is available in 
the asynchronous modes with 12 MHz on XTAL1. 
The synchronous mode has a maximum rate of 3.0 
Mbaud with a 12 MHz clock. Location OEH is the 
Baud Register. It is loaded sequentially in two bytes, 
with the low byte being loaded first. This register 
may not be loaded with zero in serial port Mode O. 


inter 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
Under Bias 
O°C to + 70°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
On Any Pin to Vss 
-0.5V 
to + 7.0V 


Power Dissipation 
1.5W 
NOTICE Specifications contained within the 
following tables are subject to change. 


Symbol 
Description 
Min 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias 
0 
+70 
°C 


Vcc 
Digital Supply Voltage 
4.5 
5.50 
V 


TREF 
Analog Supply Voltage 
4.5 
5.50 
V 


fosc 
Oscillator 
Frequency 
3.5 
12 
MHz 


NOTE: 
, 


ANGND and Vss should be nominally at the same potential. 


Symbol 
Description 
Mln 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
(except XTAL 1) 
0.2Vcc 
+ 0.9 
Vcc 
+ 0.5 
V 


VIHl 
Input High Voltage 
on XTAL 1 
0.7Vcc 
Vcc 
+ 0.5 
V 


VOL 
Output 
Low Voltage 
0.3 
V 
IOL = 200/LA 


0.45 
V 
tOL = 3.2mA 


1.0 
V 
IOL = 7 mA 


VOH 
Output High Voltage 
Vcc 
- 
0.3 
V 
IOH = - 200 /LA 
(Standard 
Outputs) 
Vcc 
- 
0.7 
V 
IOH = -3.2 
mA 


Vcc 
- 
1.5 
V 
IOH = -7mA 


VOHl 
Output High Voltage 
Vcc 
- 
0.3 
V 
IOH = -10/LA 
(Quasi-bidirectional 
Outputs) 
Vcc 
- 
0.7 
V 
IOH = -30/LA 


Vcc 
- 
1.5 
V 
IOH = -60/LA 


III 
Input Leakage 
Current (Std. Inputs) 
±10 
/LA 
o < VIN < VCC - 
0.3V 


ILil 
Input Leakage Current (Port 0) 
±3 
/LA 
0< 
VIN < VREF 


ITL 
1 to 0 Transition 
Current (QBD Pins) 
-650 
/LA 
VIN = 2.0V 


IlL 
Logical 0 Input Current (QBD Pins) 
-50 
/LA 
VIN = 0.45V 


IILl 
Logical 0 Input Current in Reset 
-500 
/LA 
VIN = 0.45 V 
(ALE, RD, WR, BHE, INST, P2.0) 


Symbol 
Description 
Mln 
Max 
Units 
Test Conditions 


Icc 
Active Mode Current in Reset 
60 
mA 
XTAL 1 = 12 MHz 


IREF 
AID 
Converter 
Reference 
Current 
5 
mA 
VCC = Vpp = VREF = 5.5V 


lidle 
Idle Mode Current 
22 
mA 


ICC1 
Active Mode Current (Typical) 
15 
mA 
XTAL1 = 3.5 MHz 


IpD 
Powerdown 
Mode Current 
TBD 
/LA 
VCC = Vpp = VREF = 5.5V 


RRST 
Reset Pullup Resistor 
6K 
50K 
n 


Cs 
Pin Capacitance 
(Any Pin to VSS) 
10 
pF 
fTEST = 1.0 MHz 


NOTES: 
1. QSD (Quasi-bidirectional) pins include Port 1, P2.6 and P2.7. 
2. Standard Outputs include all bus pins (data and control), HSO pins, PWM/P2.5, CLKOUT, RESET, Ports 3 and 4, 
TXD/P2.0, 
and RXD (in serial mode 0). The VOHspecification is not valid for RESET. Ports 3 and 4 are open-drain outputs, 


which will be available on future ROM and EPROM parts. 
3. Standard Inputs include HSI pins, CDE, EA, READY, SUSWIDTH, NMI, RXD/P2.1, EXTINT/P2.2, T2CLK/P2.3, and 
T2RSTIP2.4. 
4. Maximum current per pin must be externally limited to the following values if VOL is held above 0.45V or VOH is held 
below Vcc - 
0.7V: 


IOl on Output pins: 10 mA 
IOHon quasi-bidirectional pins: self limiting 
IOHon Standard Output pins: 10 mA 


5. Maximum current per bus pin (data and control) during normal operation is ±3.2 mA. 
6. During normal (non-transient) conditions the following total current limits apply to each group of pins: 


Port 1, P2.6 
IOl: 29 mA 
IOHis self limiting 


HSO, P2.0, RXD, RESET 
IOl: 29 mA 
IOH:26 mA 


P2.7, P2.5, WR, SHE 
IOl: 13 mA 
IOH:11 mA 


ADO-AD15 
IOl: 52 mA 
IOH:52 mA 


RD, ALE, INST-CLKOUT 
IOl: 13 mA 
IOH:13 mA 


A.C. Characteristics 
(Over specified 
operating 
conditions) 


These are ADVANCED specifications, the parameters may change before Intel releases the product 
for sale. 
Test Conditions: 
Capacitive 
load on all pins = 100 pF, Rise and fall times = 10 ns, fOSC = 12 MHz 


The system 
must 
meet 
these 
specifications 
to work 
with 
the 80C196: 


Symbol 
Description 
Min 
Max 
Units 
Notes 


TAVYV 
Address 
Valid to READY Setup 
2Tosc 
- 
55 
ns 


hLYV 
ALE Low to READY Setup 
Tosc 
- 
55 
ns 


TYLYH 
NonREADY 
Time 
No upper limit 
ns 


TCLYX 
READY Hold after CLKOUT 
Low 
0 
Tosc 
- 
30 
ns 
(Note 2) 


hLYX 
READY Hold after ALE Low 
Tosc+5 
2Tosc-40 
ns 
(Note 2) 


TAVGV 
Address 
Valid to Buswidth 
Setup 
2TOSC - 
55 
ns 


TLLGV 
ALE Low to Buswidth 
Setup 
TOSC - 
55 
ns 


TCLGX 
Buswidth 
Hold after CLKOUT 
Low 
0 
ns 


TAVDV 
Address 
Valid to Input Data Valid 
3Tosc 
- 
60 
ns 


TRLDV 
RD# 
Active to Input Data Valid 
Tosc 
- 
25 
ns 


TCLDV 
CLKOUT 
Low to Input Data Valid 
Tosc 
- 
55 
ns 


TRHDZ 
End of RD# 
to Input Data Float 
Tosc 
- 
20 
ns 


TRXDX 
Data Hold after RD# 
Inactive 
0 
ns 


NOTES: 
1. Typical specification, not guaranteed. 
2. If max is exceeded, additional wait states will occur. 


A.C. Characteristics 
(Over specified 
operating 
conditions) 
(Continued) 
These are ADVANCED specifications, the parameters may change before Intel releases the product 
for sale. 
Test Conditions: 
Capacitive 
load on all pins = 100 pF, Rise and fall times = 10 ns, fosc 
= 12 MHz 


Symbol 
Description 
Mln 
Max 
Units 
Notes 


FXTAL 
Frequency 
on XTAL 1 
3.5 
12.0 
MHz 


Tosc 
1/FXTAL 
83 
286 
ns 


TXHCH 
XT AL 1 High to CLKOUT 
High or Low 
40 
110 
ns 
(Note 1) 


TCLCL 
CLKOUT 
Cycle Time 
2Tosc 
ns 


TCHCL 
CLKOUT 
High Period 
Tosc 
- 
10 
Tosc+10 
ns 


TCLLH 
CLKOUT 
Falling Edge to ALE Rising 
-10 
10 
ns 


TLLCH 
ALE Falling Edge to CLKOUT 
Rising 
-10 
10 
ns 


TLHLH 
ALE Cycle Time 
4TOSC 


. 


ns 


TLHLL 
ALE High Period 
Tosc 
- 
10 
Tosc+10 
ns 


TAVLL 
Address 
Setup to ALE Falling Edge 
Tosc 
- 
25 
ns 


TLLAX 
Address 
Hold after ALE Falling Edge 
Tosc-15 
ns 


TLLRL 
ALE Falling Edge to RD Falling Edge 
Tosc 
- 
25 
ns 


TRLCL 
RD Falling Edge to CLKOUT 
Falling Edge 
0 
20 
ns 


TRLRH 
RD Low Period 
Tosc-5 
ns 


TRHLH 
RD Rising Edge to ALE Rising Edge 
Tosc 
- 
15 
Tosc+15 
ns 
(Note 2) 


TLLWL 
ALE Falling Edge to WR Falling Edge 
Tosc 
- 
10 
ns 


TCLWL 
CLKOUT 
Low to WR Falling Edge 
-5 
15 
ns 


TQVWH 
Data Stable to WR Rising Edge 
Tosc 
- 
20 
ns 


TCHWH 
CLKOUT 
Rising Edge to WR Rising Edge 
-10 
10 
ns 


TWLWH 
WR Low Period 
Tosc 
- 
20 
ns 


TWHQX 
Data Hold after WR Rising Edge 
Tosc 
- 
20 
ns 


TWHLH 
WR Rising Edge to ALE Rising Edge 
Tosc 
- 
20 
Tosc+20 
ns 
(Note 2) 


TWHBX 
SHE, INST HOLD after WR Rising Edge 
Tosc-30 
ns 


NOTES: 
Tosc = 83.3 ns at 12 MHz; Tosc = 125 ns at 8 MHz. 
1. Typical specification, not guaranteed. 
2. Assuming back-to-back bus cycles. 
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r-tAVLL 


BUS 
ADDRESS OUT 
i.tAVDVtLLWL 


r-tOVWH 
tWHOX-j 


BUS -{ 
ADDRESSOUT 
X 
DATA OUT 
X---A-D-DR-E-S-S--- 


_1 
1 
=: 
1 
_ 


BHE,INST -{ 
VALID 
~ 
_ 


READY-F 


t 


AVYV 


tAVGBI 
BUS WIDTH 
«« 


tLLGV 
,,)) 


BUS -{ 
ADDRESSOUT 
)~-------I.( 
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Symbol 
Parameter 
Mln 
Max 
Units 


1/TxLXL 
Oscillator 
Frequency 
3.5 
12 
MHz 


TXLXL 
Oscillator 
Period (Tasel 
83 
286 
ns 


TXHXX 
High Time 
32 
ns 


TXLXX 
Low Time 
32 
ns 


TXLXH 
Rise Time 
10 
ns 


TXHXL 
Fall Time 
10 
ns 


2.4-y- 
2.0> 
TESTPOINTS<2.0>C 


~O~ 
O~. 
0.45 
---------- 
270428-19 


A.C. Testing inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0" Timing measurements are made at 2.0V for a 
Logic "1" and O.BVfor ~ Logic "0". 


VLOAO+0.15V 
VOH-0.15V 


VLOAO 
"""--...-TllAING 
REFERENCE...--- 


--- 
POINTS 
---... 


VLOAO-0.15V 
VOL+0.15 V 


270428-20 


For Timing Purposes a Port Pin is no Longer Floating when a 
100 mV change from Load Voltage Occurs and Begins to Float 
when a 100 mV change from the Loaded VOHIVOLLevel occurs 
'OL/IOH ~ ± 15 mA. 


Each symbol 
is two pairs of letters 
prefixed 
by "T" 
for time. The characters 
in a pair indicate 
a signal and its 
condition, 
respectively. 
Symbols 
represent 
the time between 
the two signal/condition 
points. 


Conditions: 
Signals: 


H 
High 
A 
- Address 
L 
- ALE/ADV 


L 
Low 
B 
- BHE 
R 
- RD 


V 
Valid 
C 
- CLKOUT 
W - WR/WRH/WRL 


X 
No Longer Valid 
D 
- DATA 
X 
XTAL1 


Z 
Floating 
G 
- Buswidth 
Y 
- READY 


Clock Prescaler 
On 
Clock Prescaler 
Off 
IOC2.4 = 0 
IOC2.4 = 1 


IOC2.3 = 0 
Mode 0-158 
States 
Mode 2-91 States 
91 States 


withS&H 
26.33 /Ls @ 12 MHz 
22.75/Ls 
@ 8 MHz 
18.2/Ls 
@ 10 MHz 


IOC2.3 = 1 
Mode 1-293 States 
Mode 3-163 
States 
163 States 


withoutS&H 
48.83 /Ls @ 12 MHz 
40.75/Ls 
@ 8 MHz 
32.6/Ls 
@ 10 MHz 


The absolute 
conversion 
accuracy 
is dependent 
on 


the accuracy 
of VREF.The specifications 
given be- 


low assume 
adherence 
to the Operating 
Conditions 


section 
of these 
data 
sheets. 
Testing 
is done 
at 


VREF= 5.120V, 10.0 MHz, AID 
Mode 2. 


In Modes 2 and 3 the maximum 
XTAL 1 frequency 
is 


10.0 MHz. Accuracy 
will degrade 
at higher frequen- 


cies. 


Parameter 
Typical*(1) 
Minimum 
Maximum 
Units** 
Notes 


Resolution 
256(5) 
1024 
Levels 
5 


10 
Bits 


Absolute 
Error 
0 
±4 
LSBs 


Full Scale Error 
-0.5 
±0.5 
LSBs 


Zero Offset Error 
±0.5 
LSBs 


Non-Linearity 
0 
±4 
LSBs 


Differential 
Non-Linearity 
0 
±2 
LSBs 
5 


Channel-to-Channel 
Matching 
0 
±1 
LSBs 


Repeatability 
±0.25 
LSBs 
1 


Temperature 
Coefficients: 


Offset 
0.009 
LSBrC 
1 
Full Scale 
0.009 
LSBrC 
1 
Differential 
Non-Linearity 
0.009 
LSBrC 
1 


Off Isolation 
-60 
dB 
1,2,4 


Feedthrough 
-60 
dB 
1,2 


Vcc Power Supply Rejection 
-60 
dB 
1,2 


Input Resistance 
1K 
5K 
n 
1 


D.C. Input Leakage 
0 
3.0 
/LA 


NOTES: 
• These values are expected for most parts at 25'C. 
"An 
"LSB", as used here, has a value 01approximately 5 mY. 


1. These values are not tested in production and are based on theoretical estimates and laboratory tests. 
2. DC to 100 KHz. 
3. For starting the AID with an HSO Command. 
4. Multiplexer Break-Belore-Make Guaranteed. 
5. See functional deviations list. 
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ABSOLUTE ERROR-The 
maximum difference be- 
tween corresponding actual and ideal code tran- 
sitions. Absolute Error accounts for all deviations of 
an actual converter from an ideal converter. 


ACTUAL 
CHARACTERISTIC-The 
characteristic 


of an actual converter. The characteristic of a given 
converter may vary over temperature, supply volt- 
age, and frequency conditions. An actual character- 
istic rarely has ideal first and last transition locations 
or ideal code widths. It may even vary over multiple 
conversions under the same conditions. 


BREAK-BEFORE-MAKE- 
The property of a multi- 


plexer which guarantees that a previously selected 
channel will be deselected before a new channel is 
selected. (e.g. the converter will not short inputs to- 
gether.) 


CHANNEL-TO-CHANNEL MATCHING-The 
differ- 


ence between corresponding code transitions of ac- 
tual characteristics taken from different channels un- 
der the same temperature, voltage and frequency 
conditions. 


CHARACTERISTIC-A 
graph of input voltage ver- 


sus the resultant output code for an AID converter. 
It describes the transfer function of the AID convert- 
er. 


CODE-The 
digital value output by the converter. 


CODE CENTER-The 
voltage corresponding to the 


midpoint between two adjacent code transitions. 


CODE TRANSITION-The 
point at which the con- 


verter changes from an output code of Q, to a code 
of Q + 1. The input voltage corresponding to a code 
transition is defined to be that voltage which is 
equally likely to produce either of two adjacent 
codes. 


CODE WIDTH-The 
voltage corresponding to the 


difference between two adjacent code transitions. 


D.C. INPUT LEAKAGE-Leakage 
current to ground 


from an analog input pin. 


DIFFERENTIAL NON-LINEARITY-The 
difference 


between the ideal and actual code widths of the ter- 
minal based characteristic. 


FEEDTHROUGH-Attenuation 
of a voltage applied 


on the selected channel of the AID Converter after 
the sample window closes. 


FULL SCALE ERROR-The 
difference between the 


expected and actual input voltage corresponding to 
the full scale code transition. 


IDEAL CHARACTERISTIC-A 
characteristic with 


its first code transition at VIN = 0.5 LSB, its last 
code transition at VIN = (VREF 
- 
1.5 LSB) and all 


code widths equal to one LSB. 


INPUT RESISTANCE-The 
effective series resist- 


ance from the analog input pin to the sample capaci- 
tor. 


LSB-Least 
Significant 
Bit: The voltage corre- 


sponding to the full scale voltage divided by 2n, 
where n is the number of bits of resolution of the 
converter. For an 8-bit converter with a reference 
voltage of 5.12V, one LSB is 20 mY. Note that this is 
different than digital LSBs, since an uncertainty of 
two LSB, when referring to an AID converter, equals 
40 mY. (This has been confused with an uncertainty 
of two digital bits, which would mean four counts, or 
80 mV.) 


MONOTONIC-The 
property of successive approxi- 


mation converters which guarantees that increasing 
input voltages produce adjacent codes of increasing 
value, and that decreasing input voltages produce 
adjacent codes of decreasing value. 


NO MISSED CODES-For 
each and every output 


code, there exists a unique input voltage range 
which produces that code only. 


NON-LINEARITY-The 
maximum deviation of code 


transitions of the terminal based characteristic from 
the corresponding code transitions of the ideal char- 
acteristic. 


OFF-ISOLATION-Attenuation 
of a voltage applied 


on a deselected channel of the AID converter. (Also 
referred to as Crosstalk.) 


REPEATABILITY-The 
difference between corre· 


sponding code transitions from different actual char- 
acteristics taken from the same converter on the 
same channel at the same temperature, voltage and 
frequency conditions. 
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RESOLUTION-The 
number of input voltage levels 


that the converter can unambiguously distinguish 
between. Also defines the number of useful bits of 
information which the converter can return. 


SAMPLE DELAY- The delay from receiving the 
start conversion signal to when the sample window 
opens. 


SAMPLE DELAY UNCERTAINTY-The 
variation in 


the sample delay. 


SAMPLE TIME-The 
time that the sample window 


is open. 


SAMPLE TIME UNCERTAINTY-The 
variation in 


the sample time. 


SAMPLE WINDOW-Begins 
when the sample ca- 


pacitor is attached to a selected channel and ends 
when the sample capacitor is disconnected from the 
selected channel. 


SUCCESSIVE APPROXIMATION-An 
AID conver- 
sion method which uses a binary search to arrive at 
the best digital representation of an analog input. 


TEMPERATURE COEFFICIENT5-Change 
in the 


stated variable per degree centigrade temperature 
change. Temperature coefficients are added to the 
typical values of a specification to see the effect of 
temperature drift. 


TERMINAL BASED CHARACTERISTIC-An 
actual 


characteristic which has been rotated and translated 
to remove zero offset and full scale error. 


Vcc REJECTION-Attenuation of noise on the Vcc 
line to the AID converter. 


ZERO OFFSET-The 
difference between the ex- 


pected and actual input voltage corresponding to 
the first code transition. 


The 80C196KA has the following problems. We are 
working on, or have already defined, silicon fixes for 
all these problems. 
1. Byte shifts on odd addresses do not work proper- 


ly (SHRB and SHLB). Byte shifts can be done on 
even addresses, and word and long shifts work 
correctly. 


2. The Unsigned Divide operations (Byte and Word), 


may result in a quotient that is one count larger 
than the correct value (DIVU and DIVUB). This 
can only occur if the most significant bit of the 
divisor is a one. The problem will not always occur 
if the MSB is one, and determining if the problem 
will occur or not is very difficult. 


3. The current in the power down mode is on the 


order of 1 milliamp. 


4. The PUSHA instruction works properly with inter- 


nal stack. When external stack is used, the PU- 
SHA instruction will cause the data to be written 
into the location pointed to by the lower byte of 
the stack pointer. Since the PUSHA instruction is 
simply a fast way of doing a PUSHF, and pushing 
WSRIIMASK1 and clearing IMASK1, a macro can 
be written to work around this problem. 


5. The AID converter differential non-linearity error 


becomes larger as Vin approaches Vref, This re- 
sults in the potential for missed codes at 10-bit 
resolution. 


6. The reset pin must have a rise time less than 4 


state times. An External Schmitt trigger reset cir- 
cuit is recommended. A capacitor only or RC cir- 
cuit directly connected to the pin will not work reli- 
ably. If a bad reset occurs, the chip will lock-up. A 
good reset will cause the part to work correctly; 
the chip does not have to be powered on and off. 


NOTE: 
Instruction bugs 1, 2, and 4 may prevent high level 
language compilers from generating code which 
works correctly. If a problem is suspected, generate 
an assembler code output of the high level lan- 
guage and examine the listing for the above in- 
structions. If any of the instructions are present, the 
code may have to be rewritten. 
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CONVERTING 
FROM OTHER 
MCS®·96 
PRODUCTS 
TO THE 
80C196KA 


The following list of suggestions for designing an 
8X9XBH system will yield a design that is easily con- 
verted to the 80C196KA. 


1. Do not base critical timing loops on instruction or 
peripheral execution times. 
2. Use equate statements to set all timing parame- 
ters, including the baud rate. 
3. Do not base hardware timings on CLKOUT or 
XTAL1. The timings of the 80C196KA are differ- 
ent than those of the 8X9XBH, but they will func- 
tion with standard ROM/EPROM/Peripheral type 
memory systems. 


4. Make sure all inputs are tied high or low and not 
left floating. 
5. On the 8X9XBH, the WRLlWR and WRH/BHE 
signals both go low for byte writes to odd ad- 
dresses 
in 8-bit write 
strobe 
mode. On the 
80C196KA, only the WRH/BHE signal goes low 
for this type of operation. 


6. Indexed and indirect operations relative to the 
stack 
pointer 
(SP) 
work 
differently 
on 
the 
80C196KA than on the 8096. On the 8096, the 
address is calculated based on the un-updated 
version of the stack pointer. The 80C196KA uses 
the updated version. The offset for PUSH[SPl. 
POP[SP], PUSH nn[SP] and POP nn[SP] instruc- 
tions may need to be changed by a count of 2. 


Divide by 2 instead of divide by 3 clock for 1.5X per- 
formance 
Faster instructions, especially indexed/indirect data 
operations 
2.33 
J.Ls 16 x 16 multiply with 12 MHz clock (was 
6.25 J.Ls) 


Faster interrupt response (almost twice as fast) 
Different Reset Sequence 
Powerdown and Idle Modes 
Clock Failure Detect 
6 new instructions including Compare Long and 
Block Move 
8 new interrupt vectors 


SFR Window switching allows read-only registers to 
be written and vice-versa 
Timer2 can count up and down by external selection 
Timer2 has an independent capture register 
HSO lines which transitioned are saved 
HSO lines can be written directly 
HSO has CAM Lock and CAM Clear commands 
A to 0 has a selectable sample and hold and speed 
control 
New Baud Rate values are needed for serial port, 
higher speeds possible in all modes 
Double buffered serial port transmit register 
Serial Port Receive Overrun and Framing Error De- 
tection 
PWM has a Divide-by-2 Prescaler 


Using The 8096 


IRA HORDEN 
MCO APPLICATIONS 
ENGINEER 
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High speed digital signals are frequently encountered in 
modem control applications. In addition, there is often 
a requirement for high speed 16-bit and 32-bit precision 
in calculations. The MCS@-96product line, generically 
referred to as the 8096, is designed to be used in appli- 
cations which require high speed calculations and fast 
I/O operations. 


The 8096 is a 16-bit microcontroller 
with dedicated 


I/O subsystems and a complete set of 16-bit arithmetic 
instructions including multiply and divide operations. 
This Ap-note will briefly describe the 8096 in section 2, 
and then give short examples of how to use each of its 
key features in section 3. The concluding sections fea- 
ture a few examples which make use of several chip 
features simultaneously and some hardware connection 
suggestions. Further information on the 8096 and its 
use is available from the sources listed in the bibliogra- 
phy. 


I 
I 
I 
I 
I 
I 
I 
I 
I, 
I 
IL 
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Unlike microprocessors, microcontrollers are generally 
optimized for specific applications. Intel's 8048 was op- 
timized for general control tasks while the 8051 was 
optimized for 8-bit math and single bit boolean opera- 
tions. The 8096 has been designed for high speedlhigh 
performance control applications. Because it has been 
designed for these applications the 8096 architecture is 
different from that of the 8048 or 8051. 


There are two major sections of the 8096; the CPU 
section and the I/O section. Each of these sections can 
be subdivided into functional blocks as shown in Figure 
2-1. 


Ei 
ALE 
IIHE 
AD 
Viii 


READY 


RESET 


P31 ADOIIiDATA 


BUS 


P. 


I 
I 
_ 
...J 
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The CPU of the 8096 uses a 16-bit ALU which operates 
on a 256-byte register file instead of an accumulator. 
Any of the locations in the register file can be used for 
sources or destinations for most of the instructions. 
This is called a register to register architecture. Many 
of the instr\Jctions can also use bytes or words from 
anywhere in the 64K byte address space as operands. A 
memory map is shown in Figure 2-2. 


EXTERNAL 
MEMORY 
OR 
1i0 


INTERNAL 
PROGRAM 
STORAGE 
ROM 


FACTORY 
TEST CODE 
• 
INTERRUPT 
1 


VECTORS 
0 


PORT 4 
PORT 3 


EXTERNAL 
MEMORY 


OR 


1/0 


INTERNAL 
RAM 
REGISTER 
FilE 
STACK POINTER 


SPECIAL 
FUNCTION 
REGISTERS 
(WHEN ACCESSED 
AS 
DATA MEMORY) 


In the lower 24 bytes of the register file are the register- 
mapped 
I/O 
control 
locations, 
also called Special 


Function Registers or SFRs. These registers are used to 
control the on-chip I/O features. The remaining 232 
bytes are general purpose RAM, the upper 16 of which 
can be kept alive using a low current 
power-down 


mode. 


EXTERNAL 
MEMORY 
RESERVED 
FOR USE BY INTEL 
DEVELOPMENT 
SYSTEMS 
(WHEN ACCESSED 
AS 
PROGRAM 
MEMORY) 
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Figure 2-3 shows the layout of the register mapped 
I/O. Some of these registers serve two functions, one if 
they are read from and another if they are written 


to. More information about the use of these registers is 
included in the description of the features which they 
control. 


OFFH 
255 


POWER·DOWN 
RAM 


OFOH 
240 
OEFH 
239 


INTERNAL 


REGISTER 
FILE 


lAJ 


(RAM) 
I6 


STACK 
POINTER 


10S1 


1050 


RESERVED 


SP_STAT 


10 PORT 2 


10 PORT 
1 


10 PORTO 


TlMER2 
(HI) 


TIMER2 
(LO) 


TIMERI 
(HI) 


TlMERl 
(LO) 


INT_PENDING 


INT_MASK 


SBUF (RX) 


HSLSTATUS 


HSI_TIME 
(HI) 


HSLTIME 
(LO) 


AD_RESULT 
(HI) 


AD_RESULT 
(La) 


RO(HI) 


RO(LO) 


STACK 
POINTER 


PWM_CONTROL 


lOCI 


lOCO 


RESERVED 


SP_CON 


10 PORT 2 


10 PORT 
1 


BAUD_RATE 


RESERVED 


WATCHDOG 


INT_PENDING 


INT_MASK 


SBUF (TX) 


HSO_COMMAND 


HSO_TIME 
(HI) 


HSO_TIME 
(LO) 


HSLMODE 


AD_COMMAND 


RO (HI) 


RO(LO) 


Many of the I/O features on the 8096 are designed to 
operate with little CPU intervention. A list of the major 
I/O functions is shown in Figure 2-4. The Watchdog 
Timer is an internal timer which can be used to reset 
the system if the software fails to operate properly. The 
Pulse-Width-Modulation 
(PWM) output can be used as 


a rough D to A, a motor driver, or for many other 
purposes. The A to D converter (ADC) has 8 multi- 
plexed inputs and lO-bit resolution. The serial port has 
several modes and its own baud rate generator. The 
High Speed I/O section includes a 16-bit timer, a 16-bit 
counter, a 4-input programmable edge detector, 4 soft- 
ware timers, and a 6-output programmable event gener- 
ator. All of these features will be described in section 
2.3. 


The 8096 has 100 instructions, some of which operate 
on bits, some on bytes, some on words and some on 
longs (double words). All of the standard logical and 
arithmetic 
functions are available for both byte and 


word operations. Bit operations and long operations are 
provided for some instructions. There are also flag ma- 
nipulation instructions as well as jump and call instruc- 
tions. A full set of conditional jumps has been included 
to speed up testing for various conditions. 


Bit operations are provided by the Jump Bit and Jump 
Not Bit instructions, as well as by immediate masking 
of bytes. These bit operations can be performed on any 
of the bytes in the register file or on any of the special 
function registers. The fast bit manipulation 
of the 


SFRs can provide rapid I/O operations. 


A symmetric set of byte and word operations make up 
the majority of the 8096 instruction set. The assembly 
language for the 8096 (ASM-96) uses a "B" suffix on a 
mnemonic to indicate a byte operation, without this 
suffix a word operation is indicated. Many of these op- 
erations can have one, two or three operands. An exam- 
ple of a one operand instruction would be: 


MUL 
Value3,Value2,Value1; 


Value3 : = Value2" Value1 


The three operand instructions combined with the reg- 
ister to register architecture almost eliminate the neces- 
sity of using temporary registers. This results in a faster 
processing time than machines that have equivalent in- 
struction execution times, but use a standard architec- 
ture. 


Long (32-bit) operations include shifts, normalize, and 
multiply and divide. The word divide is a 32-bit by 16- 
bit operation with a 16-bit quotient and 16-bit remain- 
der. The word multiply is a word by word multiply 
with a long result. Both of these operations can be done 
in either the signed or unsigned mode. The direct un- 
signed modes of these instructions take only 6.5 micro- 
seconds. A normalize instruction and sticky bit flag 
have been included in the instruction set to provide 
hardware support for the software floating point pack- 
age (FPAL-96). 


Major 1/0 Functions 


High Speed Input Unit 
Provides Automatic 
Recording 
of Events 


High Speed Output Unit 
Provides Automatic 
Triggering 
of Events and Real-Time 
Interrupts 


Pulse Width Modulation 
Output to Drive Motors or Analog Circuits 


A to D Converter 
Provides Analog 
Input 


Watchdog 
Timer 
Resets 8096 if a Malfunction 
Occurs 


Serial Port 
Provides Synchronous 
or Asynchronous 
Link 


Standard 
I/O Lines 
Provide Interface 
to the External World when other Special 
Features 


are not needed 


Mnemonic 
Oper- 
Operation 
(Note 
1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


ADD/ADDB 
2 
D+-D+A 
~ 
~ 
~ 
~ 
t 
- 


ADD/ADDB 
3 
D+-B+A 
~ 
~ 
~ 
~ 
t 
- 


ADDC/ADDCB 
2 
D +- 
D + A +C 
J, 
~ 
~ 
~ 
t 
- 


SUB/SUBB 
2 
D+-D-A 
~ 
~ 
~ 
~ 
t 
- 


SUB/SUBB 
3 
D+-B-A 
~ 
~ 
~ 
~ 
t 
- 


SUBC/SUBCB 
2 
D+-D-A+C-1 
J, 
~ 
~ 
~ 
t 
- 


CMP/CMPB 
2 
D-A 
~ 
~ 
~ 
~ 
t 
- 


MULIMULU 
2 
D, D + 2 +- 
D' A 
- 
- 
- 
- 
- 
? 
2 


MUL/MULU 
3 
D, D + 2 +- 
B' A 
- 
- 
- 
- 
- 
? 
2 


MULB/MULUB 
2 
D,D + 1 +- 
D' A 
- 
- 
- 
- 
- 
? 
3 


MULB/MULUB 
3 
D,D + 1 +- 
B' A 
- 
- 
- 
- 
- 
? 
3 


DIVU 
2 
D +- 
(D, D + 2)/ A, D + 2 +- 
remainder 
- 
- 
- 
~ 
t 
- 
2 


DIVUB 
2 
D +- 
(D, D + 1)/A, D + 1 +- 
remainder 
- 
- 
- 
~ 
t 
- 
3 


DIV 
2 
D +- 
(D, D + 2)/ A, D + 2 +- 
remainder 
- 
- 
- 
? 
t 
- 
2 


DIVB 
2 
D +- 
(D, D + 1)/A, D + 1 +- 
remainder 
- - 
- 
? 
t 
- 
3 


AND/ANDB 
2 
D +- 
DandA 
~ 
~ 
0 
0 
- 
- 


AND/ANDB 
3 
D +- 
BandA 
~ 
~ 
0 
0 
- 
- 
OR/ORB 
2 
D +- 
DorA 
~ 
~ 
0 
0 
- 
- 
XOR/XORB 
2 
D +- 
D (excl. or) A 
~ 
~ 
0 
0 
- 
- 
LD/LDB 
2 
D+-A 
- 
- 
- - 
- 
- 
ST/STB 
2 
A+-D 
- 
- 
- - 
- 
- 
LDBSE 
2 
D+-A;D+1 
+- 
SIGN(A) 
- 
- 
- 
- 
- 
- 
3,4 


LDBZE 
2 
D+-A;D+1 
+-0 
- 
- - 
- 
- 
- 
3,4 


PUSH 
1 
SP +- 
SP - 2; (SP) +- 
A 
- 
- 
- 
- 
- 
- 


POP 
1 
A +- 
(SP);SP +- 
SP + 2 
- - 
- 
- 
- 
- 
PUSHF 
0 
SP +- 
SP - 2; (SP) +- 
PSW; 
0 
0 
0 
0 
0 
0 
PSW +- 
OOOOH 
t+-O 


POPF 
0 
PSW +- 
(SP);SP +- 
SP + 2; 
I +- 
~ 
~ 
~ 
~ 
~ 
~ 
~ 


SJMP 
1 
PC +- 
PC + 11·bit offset 
- 
- - 
- 
- 
- 
5 


LJMP 
1 
PC +- 
PC + 16·bit offset 
- 
- - - 
- 
- 
5 


BR (indirect) 
1 
PC +- 
(A) 
- 
- 
- 
- 
- 
- 


SCALL 
1 
SP +- 
SP - 2; (SP) +- 
PC; 
- 
- - - 
- 
- 
5 
PC +- 
PC + 11-bit offset 


LCALL 
1 
SP +- 
SP - 2; (SP) +- 
PC; 
- 
- 
- 
- 
- 
- 
5 
PC +- 
PC + 16·bit offset 


RET 
0 
PC +- 
(SP);SP +- 
SP + 2 
- 
- - - 
- 
- 
J (conditional) 
1 
PC +- 
PC + 8·bit offset (if taken) 
- 
- 
- 
- 
- 
- 
5 


JC 
1 
Jump ifC = 1 
- 
- 
- 
- 
- 
- 
5 


JNC 
1 
JumpifC = 0 
. 
- 
- 
- - 
- 
- 
- 
5 
JE 
1 
JumpifZ = 1 
- 
- 
- 
- 
- 
- 
5 


NOTES: 
1. If the mnemonic ends in "B", a byte operation is performed, otherwise a word operation is done. Operands D, e, and A 
must conform to the alignment rules for the required operand type. D and B are locations in the register file; A can be 
located anywhere in memory. 
2. D. D + 2 are consecutive WORDS in memory; D is DOUBLE·WORD aligned. 
3. D, D + 1 are consecutive BYTES in memory; D is WORD aligned. 
4. Changes a byte to a word. 
5. Offset is a 2's complement number. 


MnemonIc 
vp."- 
Operation 
(Note 
1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


JNE 
1 
JumpifZ 
= 0 
- - 
- 
- 
- 
- 
5 


JGE 
1 
Jump if N = 0 
- 
- 
- - 
- 
- 
5 


JlT 
1 
Jump if N = 1 
- 
- 
- - - 
- 
5 


JGT 
1 
Jump if N = 0 and Z = 0 
- 
- 
- 
- 
- 
- 
5 


JlE 
1 
Jump if N = 1 or Z = 1 
- 
- 
- 
- 
- 
- 
5 


JH 
1 
Jump if C = 1 and Z = 0 
- 
- 
- 
- 
- 
- 
5 


JNH 
1 
JumpifC 
= OorZ = 1 
- 
- 
- 
- 
- - 
5 


JV 
1 
Jump if V = 1 
- - - - 
- 
- 
5 


JNV 
1 
Jump if V = 0 
- - - - 
- 
- 
5 


JVT 
1 
Jump if VT = 1; Clear VT 
- - - 
- 
0 
- 
5 


JNVT 
1 
Jump if VT = 0; Clear VT 
- 
- 
- 
- 
0 
- 
5 


JST 
1 
JumpifST 
= 1 
- 
- 
- 
- 
- 
- 
5 


JNST 
1 
Jump if ST = 0 
- 
- 
- 
- 
- 
- 
5 


JBS 
3 
Jump if Specified Bit = 1 
- - - - 
- - 
5,6 


JBC 
3 
Jump if Specified 
Bit = 0 
- 
- 
- 
- 
- 
- 
5,6 


OJNZ 
1 
0- 
0-1;ifO*Othen 
PC - 
PC + 8-bit offset 
- 
- 
- 
- 
- 
- 
5 


OEC/OECB 
1 
0-0-1 
'" 
'" 
'" 
'" 
i 
- 


NEG/NEGB 
1 
0-0-0 
'" 
'" 
'" 
'" 
i 
- 


INC/INCB 
1 
0-0+1 
'" 
'" 
'" 
'" 
i 
- 


EXT 
1 
0- 
0;0 
+ 2 - 
Sign (D) 
'" 
'" 
0 
0 
- 
- 
2 


EXTB 
1 
0- 
0;0 
+ 1 - 
Sign (D) 
'" 
'" 
0 
0 
- 
- 
3 


NOT/NOTB 
1 
o - 
logical 
Not (D) 
'" 
'" 
0 
0 
- 
- 


ClR/ClRB 
1 
0-0 
1 
0 
0 
0 
- 
- 


SHl/SHlB/SHll 
2 
C - 
msb-----Isb 
- 
0 
'" 
? 
'" 
'" 
i 
- 
7 


SHRISHRB/SHRl 
2 
0-' 
msb-----Isb 
-. 
C 
'" 
? 
'" 
0 
- 
'" 
7 


SHRA/SHRAB/SHRAl 
2 
msb -. 
msb-----Isb 
-. 
C 
'" 
'" 
'" 
0 
- 
'" 
7 


SETC 
0 
C-1 
- - 
1 
- 
- 
- 


ClRC 
0 
C-O 
- 
- 
0 
- 
- 
- 


ClRVT 
0 
VT - 
0 
- 
- - - 
0 
- 


RST 
0 
PC - 
2080H 
0 
0 
0 
0 
0 
0 
8 


01 
0 
Disable All Interrupts (I - 
0) 
- 
- - - 
- 
- 


EI 
0 
Enable All Interrupts (I - 
1) 
- 
- 
- 
- 
- 
- 


NOP 
0 
PC-PC+1 
- 
- 
- 
- 
- 
- 


SKIP 
0 
PC-PC+2 
- 
- 
- 
- 
- - 


NORMl 
2 
left 
Shift Till msb = 1; 0 
- 
shift count 
'" 
? 
0 
- 
- 
- 
7 


TRAP 
0 
SP - 
SP - 
2; (SP) - 
PC 
PC - 
(2010H) 
- 
- 
- - 
- 
- 
9 


NOTES: 
1. If the mnemonic 
ends in "B", 
a byte operation 
is performed, 
otherwise 
a word operation 
is done. Operands 
0, B, and A 
must conform 
to the alignment 
rules for the required 
operand 
type. 
0 and B are locations 
in the register 
file; A can be 
located anywhere 
in memory. 


5. Offset is a 2's complement 
number. 
6. Specified 
bit is one of the 2048 bits in the register file. 


7. The "l" 
(long) 
suffix indicates double-word 
operation. 
8. Initiates 
a Reset 
by pulling 
RESET 
low. Software 
should 
re-initialize 
all the necessary 
registers 
with code 
starting 
at 
2080H. 
9. The assembler 
will not accept this mnemonic. 


One operand of most of the instructions can be used 
with anyone 
of six addressing modes. These modes 


increase the flexibility and overall execution speed of 
the 8096. The addressing modes are: register-direct, im- 
mediate, indirect, 
indirect with auto-increment, 
and 


long and short indexed. 


The fastest instruction execution is gained by using ei- 
ther register direct or immediate addressing. Register- 
direct addressing is similar to normal direct addressing, 
except that only addresses in the register ftle or SFRs 
can be addressed. The indexed mode is used to directly 
address the remainder of the 64K address space. Imme- 
diate addressing operates as would be expected, using 
the data following the opcode as the operand. 


Both of the indirect addressing modes use the value in a 
word register as the address of the operand. If the indi- 
rect auto-increment mode is used then the word register 
is incremented by one after a byte access or by two after 
a word access. This mode is particularly useful for ac- 
cessing lookup tables. 


Access to any of the locations in the 64K address space 
can be obtained by using the long indexed addressing 


mode. In this mode a 16-bit 2's complement value is 
added to the contents of a word register to form the 
address of the operand. By using the zero register as the 
index, ASM96 (the assembler) can accept "direct" ad- 
dressing to any location. The zero register is located at 
OOOOH and always has a value of zero. A short indexed 
mode is also available to save some time and code. This 
mode uses an 8-bit 2's complement number as the offset 
instead of a 16-bit number. 


The multiple addressing modes of the 8096 make it easy 
to program in assembly language and provide an excel- 
lent interface to high level languages. The instructions 
accepted by the assembler consist of mnemonics fol- 
lowed by either addresses or data. A list of the mne- 
monics and their functions are shown in Figure 2-5. 
The addresses or data are given in different formats 
depending on the addressing mode. These modes and 
formats are shown in Figure 2-6. 


Additional information on 8096 assembly language is 
available in the 
MCS-96 Macro 
Assembler 
Users 


Guide, listed in the bibliography. 


Mnem 
Dest or Srcl 
: One operand direct 


Mnem 
Dest, Srcl 
; Two operand direct 


Mnem 
Dest, Src1, Src2 
; Three operand direct 


Mnem 
JIISrcl 
; One operand immediate 


Mnem 
Dest. JIISrc1 
; Two operand immediate 


Mnem 
Dest, Src1, JIISrc2 
: Three operand immediate 


Mnem 
[addr) 
; One operand indirect 


Mnem 
[addr)+ 
; One operand indirect auto-increment 


Mnem 
Dest, [addr) 
; Two operand indirect 


Mnem 
Dest, [addr)+ 
; Two operand indirect auto-increment 


Mnem 
Dest, Src1, [addr) 
; Three operand indirect 


Mnem 
Dest, Src1, [addr) + 
; Three operand indirect auto-increment 


Mnem 
Dest, offs [addr) 
: Two operand indexed (short or long) 


Mnem 
Dest. Src1, offs (addr) 
; Three operand indexed (short or long) 


Where: "Mnem" is the instruction mnemonic 


"Dest" is the destination register 
"Src1". "Src2" are the source registers 
"addr" is a register containing a value to be used in computing the address of an operand 
"offs" is an offset used in computing the address of an operand 


••--- 
IOC1.1 


. EXTlNT ~o---------EXTINT 
ACH.7 
---0 


TI F~AG -~-----------SERIA~ 
PORT 


RI F~AG ---.J 


••--- 
HSO_COMMAND.4 
~~-------- 


SOFTWARE TIMER 0 ~ 
SOFTWARE TIMER 1 
SOFTWARE TIMER 2 
SOFTWARE TIMER 3 
RESET TIMER 2" 
START AID CONVERSION" 


•• --- 
HSQ...l:OMMAND.4 


ANY HSO OPERATION ~ 
~~-------- 
HIGH SPEED OUTPUTS 


•.---IOC1.7 


FIFO IS FU~~ ~ 
HSI DATA AVAI~A8~E 
HO~DtNG REGISTER ~OADED_ 


•.---1OC1.2 


TlIIER1 
OVERF~OW __ 
~.,.----~-- 
TIMER OVERF~OW 


TlMER2 OVERF~OW ~ 
')on: 
•• -_---~ 
I 
"Only when In"I.led 
by lhe HSO unit. 
L 
1OC1.3 


The flexibility of the instruction set is carried through 
into the interrupt system. There are 20 different inter- 
rupt sources that can be used on the 8096. The 20 
sources vector through 8 locations or interrupt vectors. 
The vector names and their sources are shown in Fig- 
ure 2-7, with their locations listed in Figure 2-~. Con- 
trol of the interrupts is handled through the Interrupt 
Pending Register (INT_PENDING), 
the Interrupt 
Mask Register (INT_MASK), 
and the I bit in the 
PSW (PSW.9). Figure 2-9shows a block diagram of the 
interrupt 
structure. The INT_PENDING 
register 
contains bits which get set by hardware when an inter- 
rupt occurs. If the interrupt mask register bit for that 
source is a I and PSW.9 = I, a vector will be taken to 
the address listed in the interrupt vector table for that 


Vector 
Location 
Source 
Priority 
(High 
(Low 
Byte) 
Byte) 


Software 
2011H 
2010H 
Not Applicable 


Extint 
200FH 
200EH 
7 (Highest) 


Serial Port 
200DH 
200CH 
6 


Software 
Timers 
200BH 
200AH 
5 


HSI.O 
2009H 
2008H 
4 


High Speed 
2007H 
2006H 
3 


Outputs 
HSIData 
2005H 
2004H 
2 


Available 
AID 
Conversion 
2003H 
2002H 
1 


Complete 


Timer Overflow 
2001H 
2000H 
o (Lowest) 


inter 


source. When the vector is taken the INT_PENDING 
bit is cleared. If more than one bit is set in the INT_ 
PENDING 
register with the corresponding bit set in 


the INT_MASK 
register, the Interrupt with the high- 
est priority shown in Figure 2-8 will be executed. 


The software can make the hardware interrupts work in 
almost any fashion desired by having each routine run 
with its own setup in the INT _MASK 
register. This 


will be clearly seen in the examples in section 4 which 
change the priority of the vectors in software. The 


EXTINT 


7 


SERIAL 
PORT 


6 


SOFTWARE 


TIMERS 
TIMER 
OVERFLOW 


o 


WHERE: 


Z is the zero flag. 
It is set when 
the result 
of an operation 
is zero. 


N is the negative 
flag. 
It is set to the algebraically 
correct 
sign of the result 
regardless 
of overflows. 


V is the overflow 
flag. 
It is set if an overflow 
occurs. 


VT is the overflow 
trap flag. 
It is set when 
the VT flag is set and cleared 
by JVT, JNVT, 
or CLRVT. 


C is the carry 
flag. It is set if a carry 
was generated 
by the prior operation. 


I is the global 
interrupt 
enable 
bit. 


ST is the sticky 
bit. It is set during 
a right shift 
if a one was shifted 
into and then 
out of the carry 
flag. 


INT _MASK 
is the interrupt 
mask 
register 
and contains 
bits which 
individually 
enable 
the 8 interrupt 
vectors. 


PSW (shown in Figure 2-10), stores the INT_MASK 
register in its lower byte so that the mask register can 
be pushed and popped along with the machine status 
when moving in and out of routines. The action of 
pushing flags clears the PSW which includes PSW.9, 
the interrupt enable bit. Therefore, after a PUSHF in- 
struction interrupts are disabled. In most cases an inter- 
rupt service routine will have the basic structure shown 
below. 


PUSHF 
LDB 
INT_MASK, #xxxxxxxxB 
EI 


POPF 
RET 


The PUSHF instruction saves the PSW including the 
old INT~ASK 
register. The PSW, including the in- 


terrupt enable bit are left cleared. If some interrupts 
need to be enabled while the service routine runs, the 
INT_MASK 
is loaded with a new value and inter- 


rupts are globally enabled before the service routine 
continues. At the end of the service routine a POPF in- 


struction is executed to restore the old PSW. The RET 
instruction is executed and the code returns to the de- 
sired location. Although the POPF instruction can en- 
able the interrupts the next instruction will always exe- 
cute. This prevents unnecessary building of the stack by 
ensuring that the RET always executes before another 
interrupt vector is taken. 


All of the on-chip I/O features of the 8096 can be ac- 
cessed through the special function registers, as shown 
in Figure 2-3. The advantage of using register-mapped 
I/O is that these registers can be used as the sources or 
destinations of CPU operations. There are seven major 
I/O functions. Each one of these will be considered 
with a section of code to exemplify its usage. The first 
section covered will be the High Speed I/O, (HSIO), 
subsystem. This section includes the High Speed Input 
(HSI) unit, High Speed Output (HSO) unit, and the 
Timer/Counter 
section. 


The 8096 has two time bases, Timer I and Timer 2. 
Timer I is a 16-bit free running timer which is incre- 
mented every 8 state times. (A state time is 3 oscillator 
periods, or 0.25 microseconds with a 12 MHz crystal.) 


HSI.O 
HSI.1 


HSI.2 
HSI.3 
LHITOLO 
___.....• 
r 
LO TO HI 


2.0 lIS CLOCK 


TRIGGERED 


CHANGE 
INPUT(S) 


DETECTOR 
'6 


20 
t, 
FIFO 
CURRENT 
STATUS 


• Pulse measurement with 2.0 /-Lsecresolution 
• Input transitions trigger the recording of the reference 
Timer (16-bit) and triggered input(s) (4-bit) 


Its value can be read at any time and used as a refer- 
ence for both the HSI section and the HSO section. 
Timer 1 can cause an interrupt when it overflows, and 
cannot be modified or stopped without resetting the 
entire chip. Timer 2 is really an event counter since it 
uses an external clock source. Like Timer 1,it is 16-bits 
wide, can be read at any time, can be used with the 
HSO section, and can generate an interrupt when it 
overflows. Control of Timer 2 is limited to increment- 
ing it and resetting it. Specificvalues can not be written 
to it. 


Although the 8096has only two timers, the timer flexi- 
bility is equal to a unit with many timers thanks to the 
HSIO unit. The HSI enables one to measure times of 
external events on up to four lines using Timer 1 as a 
timer base. The HSO unit can schedule and execute 
internal events and up to six external events based on 
the values in either Timer 1 or Timer 2. The 8096 also 
includes separate, dedicated timers for the baud rate 
generator and watchdog timer. 


The HSI unit can be thought of as a message taker 
which records the line which had an event and the time 
at which the event occurred. Four types of events can 
trigger the HSI unit, as shown in the HSI block dia- 
gram in Figure 2-11. The HSI unit can measure pulse 
widths 
and 
record 
times 
of 
events 
with 
a 
2 


HSI.O MODE 


HSI.1I1ODE 


HSI.2 MODE 


HSI.3MODE 


270061-7 
Where each 2-M mode control field 
defines one of 4 possible modes: 


00 
8 positive transitions 
01 
Each pos~ive transition 
10 
Each negative transition 
11 
Every transition (positive and negative) 


intJ 


microsecond resolution. It can look for one of four 
events on each of four lines simultaneously, based on 
the information in the HSI Mode register, shown in 
Figure 2-12. The information is then stored in a seven 
level FIFO for later retrieval. Whenever the FIFO con- 
tains information, the earliest entry is placed in the 
holding register. When the holding register is read, the 
next valid piece of information is loaded into it. Inter- 
rupts can be generated by the HSI unit at the time the 


holding register is loaded or when the FIFO has six or 
more entries. 


Just as the HSI can be thought of as a message taker; 
the HSO can be thought of as a message sender. At 
times determined by the software, the HSO sends mes- 


()'5 
HSO.O - HSO.5 


S 
HSO.O AND HSO.l 


7 
HSO.2 AND HSO.3 
e-B 
SOFTWARE 
TIMERS 


E 
RESET TIMER 2 
F 
START AID CONVERSION 
INTERRUPT/NO 
INTERRUPT 
SET/CLEAR 


TIMER 2/TIMER 
1 


HIGH SPEED OUTPUT 
CONTROLS 


SPINS 
4 SOFTWARE 
TIMERS 
2 INTERRUPTS 
INITIATE AID CONVERSION 
RESET TIMER 2 


sages to various devices to have them turn on, turn off, 
start processing, or reset. Since the programmed times 
can be referenced to either Timer 1 or Timer 2, the 
HSO makes the two timers look like many. For exam- 
ple, if several events have to occur at specific times, the 
HSO unit can schedule all of the events based on a 
single timer. The events that can be scheduled to occur 
and the format of the command written to the HSO 
Command register are shown in Figure 2-13. 


The software timers listed in the figure are actually 4 
software flags in I/O Status Register 1 (IOS 1). These 
flags can be set, and optionally cause an interrupt, at 
any time based on Timer 1 or Timer 2. In most cases 
these timers are used to trigger interrupt routines which 
must occur at regular intervals. A multitask process 
can easily be set up using the software timers. 


SP_STAT 


(READ 
ONLY) 


NOTE: 
TI and RI are cleared 
when 
SP_CON 
is read. 


A CAM (Content Addressable Memory) file is the 
main component of the HSO. This file stores up to 
eight events which are pending to occur. Every state 
time one location of the CAM is compared with the 
two timers. After 8 state times, (two microseconds with 
a 12 MHz clock), the entire CAM has been searched 
for time matches. If a match occurs the specified event 
will be triggered and that location of the CAM will be 
made available for another pending event. A block dia- 
gram of the HSO unit is shown in Figure 2-14. 


Controlling a device from a remote location is a simple 
task that frequently requires additional hardware with 
many processors. The 8096 has an on-chip serial port to 
reduce the total number of chips required in the system. 


SP_CON 


(WRITE 
ONLY) 


M2. M1 
SPECIFIES THE MODE; 
0.0= 
MODE 0 
O,1zMODE1 
1,0= 
MODE 2 
1,1 
= MODE 3 


PEN 
ENABLE THE PARITY FUNCTION (EVEN PARITY); 


REN 
ENABLES THE RECEIVE FUNCTION; 


TB' 
PROGRAMS THE 9TH DATA BIT (IF NOT PARITY) ON 
TRANSMISSION; 


TI 
IS THE TRANSMIT INTERRUPT FLAG; 


RB' 
IS THE 9TH DATA BIT RECEIVED (IF NOT PARITY); 


RPE 
IS THE PARITY ERROR INDICATOR (IF PARITY ACTIVE). 
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The serial port is similar to that on the MCS-51 prod- 
uct line. It has one synchronous and three asynchro- 
nous modes. In the asynchronous modes baud rates of 
up to 187.5 Kbaud can be used. while in the synchro- 
nous mode rates up to 1.5 Mbaud are available. The 
chip has a baud rate generator which is independent of 
Timer 1 and Timer 2. so using the serial port does not 
take away any of the HSI, HSO or timer flexibility or 
functionality. 


Control of the serial port is provided through 
the 


SPCON/SPSTAT 
(Serial Port 
CONtroVSerial 
Port 


STATus) register. This register, shown in Figure 2-15, 
has some bits which are read only and others which are 
write only. Although the functionality of the port is 
similar to that of the 8051, the names of some of the 
modes and control bits are different. The way in which 
the port is used from a software standpoint 
is also 


slightly different since RI and TI are cleared after each 
read of the register. 


The four modes of the serial port are referred to as 
modes 0, 1, 2 and 3. Mode 0 is the synchronous mode, 
and is commonly used to interface to shift registers for 
I/O expansion. In this mode the port outputs a pulse 
train on the TXD pin and either transmits or receives 
data on the RXD pin. Mode 1 is the standard asyn- 
chronous mode, 8 bits plus a stop and start bit are sent 
or received. Modes 2 and 3 handle 9 bits plus a stop and 
start bit. The difference between the two is, that in 
Mode 2 the serial port interrupt will not be activated 
unless the ninth data bit is a one; in Mode 3 the inter- 
rupt is activated whenever a byte is received. These two 
modes are commonly used for interprocessor communi- 
cation. 


Using XTAL1: 


Mod o· Baud = XTAL1 frequency. B 
0 


e 
. Rate 
4'(B+ 
1) 
• 
•• 


Others' 
Baud = XTAL1 frequency 


. 
Rate 
64'(B+1) 


Using T2CLK: 


Mod 
. Baud _ T2CLK frequency. B 


e O. Rate - 
B 
." 
0 


Oth 
. Baud _ T2CLK frequency. B 


ers. 
Rate - 
16'B 
." 
0 


Note that B cannot equal O. except when using 
XTAL1 in other than mode O. 


Baud rates for all of the modes are controlled through 
the Baud Rate register. This is a byte wide register 
which is loaded sequentially with two bytes, and inter- 
nally stores the value as a word. The least significant 
byte is loaded to the register followed by the most sig- 
nificant. The most significant bit of the baud value de- 
termines the clock source for the baud rate generator. If 
the bit is a one, the XTALI pin is used as the source, if 
it is a zero, the T2 CLK pin is used. The formulas 
shown in Figure 2-16 can be used to calculate the baud 
rates. The variable "B" is used to represent the least 
significant 15bits of the value loaded into the baud rate 
register. 


The baud rate register values for common baud rates 
are shown in Figure 2-17. These values can be used 
when XTALl is selected as the clock source for serial 
modes other than Mode O. The percentage deviation 
from theoretical is listed to help assess the reliability of 
a given setup. In most cases a serial link will work if 
there is less than a 2.5% difference between the baud 
rates of the two systems. This is based on the assump- 
tion that 10 bits are transmitted per frame and the last 
bit of the frame must be valid for at least six-eights of 
the bit time. If the two systems deviate from theoretical 
by 1.25% in opposite directions the maximum toler- 
ance of 2.5% will be reached. Therefore, caution must 
be used when the baud rate deviation 
approaches 


1.25% from theoretical. Note that an XTALl frequen- 
cy of 11.0592 MHz can be used with the table values 
for 11 MHz to provide baud rates that have 0.0 percent 
deviation from theoretical. In most applications, how- 
ever, the accuracy available when using an 11 MHz 
input frequency is sufficient. 


Serial port Mode 1 is the easiest mode to use as there is 
little to worry about except initialization and loading 
and unloading SBUF, the Serial port BUFfer. If parity 
is enabled, (i.e., PEN = I), 7 bits plus even parity are 
used instead of 8 data bits. The parity calculation is 
done in hardware for even parity. Modes 2 and 3 are 
similar to Mode 1, except that the ninth bit needs to be 
controlled and read. It is also not possible to enable 
parity in Mode 2. When parity is enabled in Mode 3 the 
ninth bit becomes the parity bit. If parity is not enabled, 
(i.e., PEN = 0), the TB8 bit controls the state of the 
ninth transmitted bit. This bit must be set prior to each 
transmission. On reception, if PEN = 0, the RB8 bit 
indicates the state of the ninth received bit. If parity is 
enabled, (i.e., PEN = I), the same bit is called RPE 
(Receive Parity Error), and is used to indicate a parity 
error. 


inter 


XTAL 1 Frequency 
= 12.0 MHz 


Baud Rate 
Baud Register 
Value 
Percent 
Error 


19.2K 
8009H 
+2.40 


9600 
8013H 
+2.40 


4800 
8026H 
-0.16 


2400 
804DH 
I 
-0.16 


1200 
8098H 


I 
-0.16 


300 
8270H 
0.00 


XT AL 1 Frequency 
= 11.0 MHz 


19.2K 
8008H 
+0.54 
9600 
8011H 
+0.54 
4800 
8023H 
+0.54 
2400 
8047H 
+0.54 
1200 
808EH 
-0.16 


300 
823CH 
+0.01 


XTAL 1 Frequency 
= 10.0 MHz 


19.2K 
8007H 
-1.70 
9600 
800FH 
-1.70 
4800 
8020H 
+1.38 
2400 
8040H 
-0.16 
1200 
8081H 
-0.16 
300 
8208H 
+0.03 


The software used to communicate between processors 
is simplified by making use of Modes 2 and 3. In a basic 
protocol the ninth bit is called the address bit. If it is set 
high then the information in that byte is either the ad- 
dress of one of the processors on the link, or a com- 
mand for all the processors. If the bit is a zero, the byte 
contains information for the processor or processors 
previously addressed. In standby mode all processors 
wait in Mode 2 for a byte with the address bit set. 
When they receive that byte, the software determines if 
the next message is for them. The processor that is to 


receive the message switches to Mode 3 and receives 
the information. Since this information is sent with the 
ninth bit set to zero, none of the processors set to Mode 
2 will be interrupted. By using this scheme the overall 
CPU time required for the serial port is minimized. 


A typical connection diagram for the multi-processor 
mode is shown in Figure 2-18. This type of communica- 
ton can be used to connect peripherals to a desk top 
computer, the axis of a multi-axis machine, or any oth- 
er group of microcontrollers jointly performing a task. 
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-CALCULATE 
COORDINATE 
TRANSFORMS 


- 
DETERMINE 
VECTOR 
ENDPOINTS 
AND 


TRAVEL 
TIMES 


- 
PROVIDE 
USER 
INTERFACE 


{ 


-CONVERT 
VECTORS 
TO 
INDIVIDUAL 


AXIS 
COMMANDS 


- 
CONTROL 
THE 
SERIAL 
LINK 


- 
MONITOR 
ENTIRE 
SYSTEM 
FOR 
FAULTS 


Mode 0, the synchronous mode, is typically used for 
interfacing to shift registers for I/O 
expansion. The 


software to control this mode involves the REN (Re- 
ceiver ENable) bit, the clearing of the RI bit, and writ- 
ing to SBUF. To transmit to a shift register, REN is set 
to zero and SBUF is loaded with the information. The 
information will be sent and then the TI flag will be set. 
There are two ways to cause a reception to begin. The 
first is by causing a rising edge to occur on the REN 
bit, the second is by clearing RI with REN = I. In 
either case, RI is set again when the received byte is 
available in SBUF. 


Analog inputs are frequently required in a microcon- 
troller application. The 8097 has a IO-bit A to D con- 
verter that can use anyone of eight input channels. The 
conversions are done using the successive approxima- 
tion method, and require 168 state times (42 microsec- 
onds with a 12 MHz clock.) 


The results are guaranteed monotonic by design of the 
converter. This means that if the analog input voltage 
changes, even slightly, the digital value will either stay 
the same or change in the same direction as the analog 


input. When doing process control algorithms, it is fre- 
quently the changes in inputs that are required, not the 
absolute accuracy of the value. For this reason, even if 
the absolute accuracy of a IO-bit converter is the same 
as that of an 8-bit converter, the IO-bit monotonic con- 
verter is much more useful. 


Since most of the analog inputs which are monitored by 
a microcontroller change very slowly relative to the 42 
microsecond conversion time, it is acceptable to use a 
capacitive filter on each input instead of a sample and 
hold. The 8097 does not have an internal sample and 
hold, so it is necessary to ensure that the input signal 
does not change during the conversion time. The input 
to the AID must be between ANGND 
and VREF. 


ANGND 
must be within a few millivolts of VSS and 
VREF must be within a few tenths of a volt of VCC. 


Using the A to D converter on the 8097 can be a very 
low software overhead task because of the interrupt and 
HSO unit structure. The A to D can be started by the 
HSO unit at a preset time. When the conversion is com- 
plete it is possible to generate an interrupt. By using 
these features the A to D can be run under complete 
interrupt 
control. The A to D can also be directly 


AID Command Register 


(LOCATION 
02H) 


3 
GO 
CH" 
I LCHANNEL" 
SELECTS 
WHICH 
OF THE 8 ANALOG 
INPUT 


~ 
CHANNELS 
is TO BE CONVERTED 
TO DIGITAL 
FORM; 


GO iNDICATES 
WHEN THE CONVERSION 
IS TO BE 
INITIATED 
(GO = 1 MEANS 
START 
NOW. GO = 0 
MEANS 
THE CONVERSION 
IS TO BE iNITIATED 
BY THE HSO UNIT AT A SPECIFIED 
TIME). 


AID Result Register 


(LOCATION 
03H) 
(LOCATION 
02H) 


AID CHANNEL 
NUMBER 


STATUS 
o = AID CURRENTLY 
IDLE 
1 = CONVERSION 
IN PROCESS 


AID RESULT: 
LEAST 
SIGNIFICANT 
2 BITS 
MOST SIGNiFICANT 
BYTE 


controlled by software flags which are located in the 
AD_RESULT/AD_COMMAND 
Register, shown 


in Figure 2-19. 


Analog outputs are just as important as analog inputs 
when connecting to a piece of equipment. True digital 
to analog converters are difficult to make on a micro- 
processor because of all of the digital noise and the 
necessity of providing an on chip, relatively high cur- 
rent, rail to rail driver. They also take up a fair amount 
of silicon area which can be better used for other fea- 
tures. The A to D converter does use a D to A, but the 
currents involved are very small. 


For many applications an analog output signal can be 
replaced by a Pulse Width Modulated (PWM) signal. 
This signal can be easily generated in hardware, and 


takes up much less siliconarea than a true D to A. The 
signal is a variable duty cycle, fixed frequency wave- 
form that can be integrated to provide an approxima- 
tion to an analog output. The frequency is fixed at a 
period of 64 microseconds for a 12 MHz clock speed. 
Controlling the PWM simply requires writing the de- 
sired duty cycle value (an 8-bit value) to the PWM 
Register. Some typical output waveforms that can be 
generated are shown in Figure 2-20. 


Converting the PWM signal to an analog signal varies 
in difficulty, depending upon the requirements of the 
system. Some systems, such as motors or switching 
power supplies actually require a PWM signal, not a 
true analog one. For many other cases it is necessary 
only to amplifythe signal so that it switches rail-to-rail, 
and then filter it. Switching rail-to-rail means that the 
output of the amplifier will be a reference value when 
the input is a logical one, and the output 
will 


inter 


be zero when the input is a logical zero. The filter can 
be a simple RC network or an active filter. If a large 
amount of current is needed a butTer is also required. 
For low output currents, (less than 100 microamps or 
so), the circuit shown in Figure 2-21 can be used. 


The RC network determines how quiet the output is, 
but the quieter the output, the slower it can change. 
The design of high accuracy voltage followers and ac- 
tive filters is beyond the scope of this paper, however 
many books on the subject are available. 


DUTY 
PWMCONTROL 


CYCLE 
REGISTER 
VALUE 


0'% 
00 
HI 


LO 


10'% 
25 
~~Jl 


50% 
128 
HI 
LO 


90% 
230 
HI -.J 
LO 


'lI.8% 
255 
HI 


LO 


intJ 


The examples in this section show how to use each I/O 
feature individually. Examples of using more than one 
feature at a time are described in section 4. All of the 
examples in this ap-note are set up to be used as listed. 
If run through ASM96 they will load and run on an 
SBE-96. In order to insure that the programs work, the 
stack pointer is initialized at the beginning of each pro- 
gram. If the programs are going to be used as modules 
of other 
programs, 
the stack pointer 
initialization 


should only be used at the beginning of the main pro- 
gram. 


To avoid repetitive 
declarations 
the 
"include" 
file 


"DEM096.INC", 
shown in Listing 3-1, is used. ASM- 


96 will insert this file into the code file whenever the 
directive "INCLUDE 
DEM096.INC" 
is used. The file 


contains the definitions for the SFRs and other vari- 
ables. The include statement has been placed in all of 
the examples. It should be noted that some of the lab- 


els in this file are different from those in the file 
8096.INC that is provided in the ASM·96 package. 


3.1. 
Using the 8096'. 
Processing 


Section 


A good way of increasing speed for many processing 
tasks is to use table lookup with interpolation. This can 
eliminate lengthy calculations in many algorithms. Fre- 
quently it is used in programs that generate sine wave- 
forms, use exponents in calculations, or require some 
non-linear function of a given input variable. Table 
lookup can also be used without interpolation to deter- 
mine the output state of I/O devices for a given state of 
a set of input devices. The procedure is also a good 
example of 8096 code as it uses many of the software 
features. Two ways of making a lookup table are de- 
scribed, one way uses more calculation time, the second 
way uses more table space. 


J 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


: 
DBMO".INC 
- 
DBPINIYIOM 
or 
SYMBOLIC 
MAMBS 
POR 
YRB 
I/O 
R8CJ8~.RS 
OF 
~HI 
10" 


: 
••••••••• 
III 
••••••••••••••••••••••••••••••••••••••••••••••••••• 
III 
•••••••••••••••••• 
, 


a/" 
18.0 
aou 
OOh,WORO 
I 
AD 
COIIIIAIID 
EOU 
028.n.,a 
I 
" 
AD-aaSUL" 
LO 
aou 
02", 
• .,,,,. 
I 
I 


AD - aaSUL" -HI 
aou 
0381n.,a 
, 
a 


8SI 
1I0Da - 
aou 
038. n.,a 
, 
" 
HSO -.,llIa 
aou 
04K."oaD 
, 
" 
K81 -.,llIa 
aou 
on 
,,,oaD 
I 
a 


K80 -COIIIIAIID 
IOU 
06K.n.,1 
I 
" 
H81 -S",,"UI 
IOU 
06K,n"l 
I 
a 


8&Ur 
IOU 
07Kln.,a 
, II" 
1M., IlAU 
IOU 
OIKln.,a 
, II" 
1M.,- PEMDIMO 
aou 
O'K In.,1 
, a/" 


S PCON 
IOU 
IIK.n.,E 
s,s,..,. 
aou 
1111.8.,,.. 


"A.,CKDOO 
aou 
OAII.8.,'I'. 
I 
" 
"A.,CKDOO 
.,llIa. 


.,IIIE.I 
BOU 
OAK ."oaD 
I 
I 


.,1I••a2 
aou 
oca,,,oaD 
, • 
.oa.,o 
aou 
OaKln.,a 
, I 


aAUD 
aEO 
aou 
oaH.8.,,,. 
, 
" 
.oa.,y 
aou 
O'K,8Y". 
, a/" 
.0.,.2 
aou 
10K_8Y'I'. 
, a/" 


lOCO 
aou 
15H.n.,a 
, 
" 
1080 
aou 
I5H.8.,,.. 
, • 
10C I 
aou 
16KI8YTE 
, 
" 
10SI 
aou 
l'H.8Y,.& 
, • 
.,," 
COM.,aoL 
aou 
17K,U.,a 
, 
" 
S. - 
aou 
18KINORD 
I 
a/" 
8.,ACI .0IM.,aa 


a810 
at 
Ica 


AX, 
08" 
OX, 
DS" 
IX, 
OS" 
CX, 
DSII 


AL 
BOU 
10K 
aou 


In both methods the proceaure 
IS Similar. 
• a1U"~ Vi d 


function are stored in memory for specific input values. 
To compute the output function for an input that is not 
listed, a linear approximation 
is made based on the 
nearest inputs and nearest outputs. As an example, con· 
sider the table below. 


If the input value was one of those listed then there 
would be no problem. Unfortunately the real world is 
never so kind. The input number will probably be 259 
or something similar. If this is the case linear interpola- 
tion would provide a reasonable result. The formula is: 


Delta Out = upperOutput-Lower Output •(Actual Input-Lower Input) 


Upper Input-Lower Input 


Actual Output = Lower Output '+ Delta Out 
For the value of 259 the solution is: 


Della Out = 900-400 '(259-200) = 500 '59 = 5 • 59 = 295 


300-200 
100 
Actual Output = 400 + 295 ~ 695 


.LV 
IlJ.QA'-' 
"J.""" 
""'.•6'"' .•..•.•...••..•.••.•.• 
_ •.•.•.•....•. 
, ,_a_ .. 
_ 


is appropriate to limit the range and accuracy of the 
function to only what is needed. It is also advantageous 
to make the input step (Upper Input-Lower 
Input) 


equal to a power of 2. This allows the substitution of 
multiple right shifts for a divide operation, thus speed- 
ing up throughput. The 8096 allows multiple arithmetic 
right shifts with a single instruction providing a very 
fast divide if the divisor is a power of two. 


For the purpose of an example, a program with a 12-bit 
output and an 8-bit input has been written. An input 
step of 16 (2"4) 
was selected. To cover the input range 


17 words are needed, 255/16 + 1 word to handle val- 
ues in the last 15 bytes of input range. Although only 
12 bits are required for the output; the 16-bit architec- 
ture offers no penalty for using 16 instead of 12 bits. 


The program for this example, shown in Listing 3-2, 
uses the definitions and equates from Listing 3-1, only 
the additional equates and defmitions are shown in the 
code. 


Input Value 
Relative Table Address 
Table Value 
100 
0001H 
100 
200 
0002H 
400 
300 
0003H 
900 
400 
0004H 
1600 


IN 
VAL. 


TAiLB 
LOW, 
TABLE-HIGH. 
IN 
DIP, 
IN-DIP. 
'l'Ai DIP, 
OU'I', 
RIBULT. 
OUT_DIl'l 


1 
I 
1 
1 
IN 
DIP 


1 
1 
1 
1 


J 
Upper 
Input 
- 
Lower 
Input 


,byte 
, 
Upper 
Output 
- 
Lower 
Output 


inter 


LDB 
88 J". 
ANOB 


LDBZB 
LD 


LD 


SUB 


AND8 


LOBla 


NUL 


SKRAL 


ADD 


SHRA 


AOOC 


no- 1 nc I 
ST 


BR 


Load 
t •• p 
with 
Actual 
Value 
Divide 
the 
byte 
by 
• 
In.ur. 
AL 
fa 
• 
word 
addr ••• 
~hl 
•• 
ffectlvely 
divide. 
AL 
by 
2 


ao 
AL 
• 
IN_VAL/l' 


Load 
byte 
At 
to 
word 
AX 
(AX) 
,~A8LE 
LOW 
t. 
loaded 
with 
the 
value 


, 
In 
the 
table 
at 
table 
location 
AX 


AL, 
1M 
VAL 
At, 
13- 


AL •• 
11111110B 


ITABLB. 
2) IAX I 
I 
I 
I 


, 
TABLE 
HtGH 
1. 
load 
ad 
with 
the 


value 
in 
the 
table 
at 
table 


location 
AX+2 
(The 
next 
value 
In 
the 
table) 


If the function is known at the time of writing the soft- 
ware it is also possible to calculate in advance the 
change in the output function for a given change in the 
input. This method can save a divide and a few other 
instructions at the expense of doubling the size of the 


OUT_DIP, 
IN_Olr, 
TAB 
DIP 
I 
I 
OUT_DIP, 
'4 
I 


1 
1 
1 
1 
IN 
DIP 
1 
1 
1 


IN 
DIPe-I 
•• at 
algnlflcant 
4 
bita 


01 
IN 
VAL 
Load 
byte 
IN_OIP8 
to 
word 
IN_DIP 


Output 
difference· 
Input-difference-Table 
difference 


Divide-by 
16 
(2 •• 4) 


Add 
output 
difference 
to 
output 


generated 
with 
truncated 
IN 
VAL 


•• 
input 
- 


Round 
to 
12-bit 
answer 


c.eg 
AT 
2100H 


table 
I 
DClI 
OoooR, 
2oooR, 
)4ooR, 
'COOH 


DClI 
5oooH, 
6AooH, 
720 oH , 
7800H 


DClI 
78ooH, 
7oooR, 
76ooH, 
6DOOH 


DClI 
50ooH, 
48ooH, 
3,,00H, 
2200H 


DClI 
1000H 


EHD 


lookup table. There are many applications where time 
is critical and code space is overly abundant. In these 
cases the code in Listing 3-3 will work to the same 
specifications as the previous example. 


IN 
VALl 
TAiLE 
LOM'J 


TABLB=INCI 
IN 
olPI 
IN-Olpe 


OU?J 
RBSULTI 
OUT_DIPI 


, 
Actual 
Input 
Valu. 
, 
Table 
value 
for 
function 
, 
Incr 
•• ental 
change 
in 
function 


, 
Upper 
Input 
- 
Lower 
Input 


,byte 


inter 


LDI 
s••• 
.1101 


••• 
'1001 
t 
Initlalt 
•• •• to top of 
1'·9~ fll. 


.L. III-V.L 
Load 
t •• p 
with 
Actual 
value 
.L. 
, 
J 
Divide 
tho byte 
by • 
.L. 
1111111101 
1,~r~·.tt.~tl:.r;rtl:tt~:·ILby 
2 
.0 .L . III V.L/U 


••• .L 
Load 
byte 
.r; to woed •• 


YAaL& 
tHe 
1. 
load.d 
with 
the 
.alue 


1ft 
the 
'"cr 
••• 
nt 
table 
at 


location 
AI 


IN 
Dlrl-l ••• t 
al,"ltlcant 
4 
bit. 
0" 
IN 
VAL 


Load 
byte 
IN_DIPI 
to 
word 
IN_DIP 


MUL 
GUY_DIP, 
IN_DIP, 
TAILE 
IHe 


J 
Output 
dlff.rence 
- 


, 
Input:dlff.r.nc.·Jncr 
•••• t.l chan,. 


val 
table: 
- 
DCW 
DCII 
DCW 
DCII 
DCW 
tnc 
t.bles 


DCW 
DCW 
DCII 


DCW 


Add 
output 
dlff.rence 
to 
output 


genecated 
with 
truncated 
IN 
VAL 


•• 
input 
- 


Round 
to 
12-blt 
an.".1' 


Round 
up 
if 
Carey 
~ 
1 


0000", 
5DOOH, 
1100H, 
5DOOH, 
100011 


2000K, 
1400H, 
teoo. 
J 
A 
cando. 
function 
6aOoN, 
7Z008, 
"OOH 


7000H. 
760oH, 
'DOOM 
•• OON, 
3400". 
2200" 


By making use of the second lookup table, one word of 
RAM was saved and 16 state times. In most cases this 
time savings would not make much of a difference, but 
when pushing the processor to the limit, microseconds 
can make or break a design. 


020oH. 
OoDoH, 
00020H, 
OrEBOH, 


OltON, 
DOlO., 


OPPtoK, 
Or.'OH. 


o II 
OK, 


OO'OH, 
OP"70N, 
O" •• oH, 


011011 
00]011 
orrooll 
Draa 
011 


Intel provides high level language support for most of 
its micro processors and microcontrollers in the form of 
PLIM. 
Specifically, PLIM 
refers to a family of lan- 
guages, each similar in syntax, but specialized for the 
device for which it generates code. The PLIM syntax is 
similar to PL/l, 
and is easy to learn. PLM-96 is the 


version of PL/M 
used for the 8096. It is very code 


efficient as it was written specifically for the MCS-96 
family. PLM-96 roost closely resembles PLM-86, al- 
though it has bit and I/O functions similar to PLM-51. 
One line of PLIM-code 
can take the place of many 


lines of assembly code. This is advantageous to the pro- 
grammer, since code can usually be written at a set 
number of lines per hour, so the less lines of code that 
need to be written, the faster the task can be completed. 


If the first example of interpolation is considered, the 
PLM-96 code would be written as shown in Listing 3-4. 
Note that version 1.0 of PLM·96 does not support 32- 
bit results of 16 by 16multiplies, so the ASM·96 proce- 
dure "DMPY" 
is used. Procedure DMPY, shown in 
Listing 3-5, must be assembled and linked with the 
compiled PLM-96 program using RL-96, the relocator 
and linker. The command line to be used is: 


RL96 PLMEXI.OBJ, 
DMPY.OBJ, PLM96.LIB & 


to PLMOUT.OBJ ROM (2080H-3FFFH) 


inter 


DECLARE 
IN 
VAt. 


DECLARE 
TABLE 
LOW 
DICLARE 
TABLE-HIGH 
DECLARE 
TABLE-DIP 
DECLARE 
OUT 
- 
DECLARE 
RESULT 
DECLARE 
OUT 
DIP 
DECLARE 
TBMP 


WORD 
INTEGER 
INTBGIR 
IN'lBGBR 
INTEGER 
tNTEGER 
LONGIN'l 
WORD 


DBCLARB 
'lABLBCI1) 
OoOOH, 
2000H, 
5coOH, 
'''OOH, 
780oH, 
7ooOH, 
5000H, 
48008, 
1000N), 


INT8GER 
DATA 
34008, 
4COOH, 
1200H, 
1100R, 
7600H, 
6000H, 
34008, 
22008, 


PUILIC, 
PUBLIC, 
PUBLIC, 
PUBLIC, 
PUBLIC, 
PUBLIC, 
PUBLIC, 
PUBLIC, 


DMPYI 
PROCBDOaS 
(A,8) 
LONGIHT 
a.TERNAL, 


DBCLARS 
(A,B) 
INTBGBItJ 
END 
DMPY, 


TABLE 
LOW-TABLB(TBM.), 
Ie 
If 
-TEMp· 
v •• 
replaced 
by 
·SHR(IN 
VAL,.)- 
*/ 
TA8LB=HIGH.,.A8LB(TBMP+l), 
1* 
The 
code 
would 
vork 
but 
the 
80'6 
would 
*/ 
Ie 
do 
two 
.hilta 
*/ 


IP 
CARRY.O 
THEN 
RBSULT-OUT, 
Ie 
U.1n9 
the 
hardware 
flag 
•• 
uat 
be 
done 
*/ 
ELSE 
RBSULT-OUT.}, 
Ie 
with 
care 
to 
ensure 
the 
flag 
ie 
tested 
*/ 
/. 
in 
the 
d.sired 
instruction 
sequence 
./ 


PUBLIC 
DMPY 


DM PY I 
POP 
'LMRBG.4 
POP 
'LHRBG 
NUL 
'LHREG, 
(8')+ 


BR 
('LMREG.4) 
BND 


, 
Load 
return 
add 
res. 
I 
Load 
one 
operand 
, 
Load 
•• cond 
operand 
and 
incr 
••• 
nt 
8. 


inter 


Using PLM, code requires less lines, is much faster to 
write, and easier to maintain, but may take slightly 
longer to run. For this example, the assembly code gen- 
erated by the PLM-96 compiler takes 56.75 microsec- 
onds to run instead of 30.75 microseconds. If PLM-96 
performed the 32-bit result multiply instead of using 
the ASM-96 routine the PLM code would take 41.5 
microseconds 
to run. The actual 
code listings are 


shown in Appendix A. 


One of the most frequent uses of the HSI is to measure 
the time between events. This can be used for frequency 
determination in lab instruments, or speed/acceleration 
information when connected to pulse type encoders. 
The code in Listing 3-6 can be used to determine the 
high and low times of the signals on two lines. This 
code can be easily expanded to 4 lines and can also be 
modified to work as an interrupt routine. 


Frequently it is also desired to keep track of the num- 
ber of events which have occurred, as well as how often 
they are occurring. By using a software counter this 
feature can be added to the above code. This code de- 
pends on the software responding to the change in line 
state before the line changes again. If this cannot be 
guaranteed then it may be necessary to use 2 HSI lines 
for each incoming line. In this case one HSI line would 
look for falling edges while the other looks for rising 
edges. The code in Listing 3-7 includes both the counter 
feature and the edge detect feature. 


The uses for this type of routine are almost endless. In 
instrumentation it can be used to determine frequency 
on input lines, or perhaps baud rate for a self adjusting 
serial port. Section 4.2 contains an example of making a 
software serial port using the HSI unit. Interfacing to 
some form of mechanically generated position informa- 
tion is a very frequent use of the HSI. The applications 
in this category include motor control, precise position- 
ing (print heads, disk drives, etc.), engine control and 


HICH 
TIME. 
da. 


LOW 
iJMB. 
de. 


PERIOD. 
da. 


HI 
BDCB. 
dew 


LO:ZOGBI 
d".v 


LD 
LDa 
LDa 


wat 
t I 
ADD 
J as 
Jac 


continI 
LDa 


LD 


Jas 


h.1 -101 
ST 
sua 
aa 


h.1 -hi 1 ST 
sua 
aa 


SND 


ap, 
'1008 


I OCo. 
• 00000001. 
aSl_MODS, 
100001111a 


PBRIOD, 
HIGH 
TIMB, 
LOW 
TIMB 


10Sl, 
6, 
contln 
- 
• 
It 
PIPO 
1. 
full 
1081, 
" 
.alt 
J 
•• 
It 
while 
no 
pul 
•• 
la 
antered 


ax, 
851_TIMB 


A1., 
1, 
hal_hi 


Load 
It.tuII 
Mot. 
that 
r •• dlng 


R81_TIM8 
cl •• r. 
RBI_STATUI 


, 
1.Old 
the 
HSI_TIMB 


I 
Ju.p 
It 
R81.0 
1. 
high 


8X, 
100 
BoGB 
RIGH 
TIMB, 
1.080GB, 
HI 
IOCa 
.alt- 


ax, 
HI 
80GB 
LOW 
TIME, 
HI 
Bo08, 
1.O_BoGB 
walt 


inter 


transmission control. The HSI unit is used extensively 
in the example in section 4.3. 


Although the HSO has many uses, the best example is 
that of a multiple PWM output. This program, shown 
in Listing 3-8, is simple enough to be easily understood, 
yet it shows how to use the HSO for a task which can 
be complex. In order for this program to operate, an- 
other program needs to set up the on and off time vari- 
ables for each line. The program also requires that a 


HSO line not change so quickly that it changes twice 
between consecutive reads of I/O 
Status Register 0, 


(IOSO). 


A very eye catching example can be made by having the 
program output waveforms that vary over time. The 
driver routine in Listing 3-10 can be linked to the above 
program to provide this function. Linking is accom- 
plished using RL96, the relocatable linker for the 8096. 
Information 
for using RL96 
can be found 
in the 


"MCS-96 Utilities Users Guide", listed in the bibliogra- 
phy. In order for the program to link, the register dec- 


TIMEt 
DSW 


LAS7 
RISB. 
DS. 


LASY-PALL. 
os. 


HsI 
io. 
DSI 


1081 
BAK, 
os. 


PBRIODI 
DSW 


LON 
TIMB, 
os. 


HIGH 
71MB. 
os. 


COUN7. 
os. 


c •• , 
ot 


1 nit 
I 
LD 


LDB 


LDB 
LDB 


wal 
t I 
ANOe 
ORB 


JBC 


AMDB 
LD 


JBS 
JBS 
BR 


0-r 1 •• 
I 
SUB 
SUB 
LD 
BR 


0-t all 
I 
SUB 
SUB 
LD 


t ncr ••• 
nt I 
INC 


no -en t: 
BR 


END 


•• 
t 
hel.l 
-, 
h.t.O 
+ 
an able 
halO, 
1 
T2 
CLOCI-T2CLI, 
TZRST-TZaST 


Cl •• 
r 
tl •• 
,2 


CI •• 
r 
1081 
IAI.' 
Store 
into-te.p 
to 
avoid 
cle.ring 


other 
flag. 
which 
•• y 
be 
n •• 4e4 


If 
hell. 
not 
triggered 
then 


ju.p 
to 
valt 


RBI 
SO,O,. 
rl •• 


RSI-SO,2,.-fall 
no_cnt 
- 


LOW 
TIME, 
TIME, 
LAST 
FALL 


PBRIOD, 
TIMB,LAST 
RISB 


LAST 
RISB, 
TIMB 
- 


lncreaent 


HIGH 
TIMB, 
TIMB, 
LAST 
RISE 


PERIOD, 
TIME, 
LAST 
PALL 


LAST_PALL, 
TIMB 
- 


inter 


HSO 
ON 
O. 
OSW 


HSO-OP. 
01 
OS" 


H5o-oN 
I 
I 
osw 


"5o-orr 
1 IDS., 


OLD-STATr 
d.b 


NBW:S.,AT. 
d.b 


LO 
LO 
LO 
LO 
LO 
AN DB 


XORB 


atore 
at.atl 
- 
ANDe 
eMPB 
JE 
XORI 


check 
0: 
JBC 
JBS 


s~t_on 
01 
LOB 
ADO 
BO 


set 
off 
O. 
LOB 
ADO 


check 
1, 
JBC 
JBS 


eet_on 
11 
LOB 
ADO 
B. 


8','1008 
HSO 
ON 
0, 
'lOOK 


H90-0P' 
0, 
'400" 


H5o-ON 
I, 
'210M 


HsO-Or, 
1, 
'210M 


OLD-STAY, 
1050, 
.0'N 


OLO:STAT, 
• OrK 


S.t 
1nltlal 
valu 
•• 
Note 
that 
tl •••• 
uet 
be 
long 
enou9h 


to 
allow 
the 
routlne 
to 
run 
.fter 
each 


11n. 
chanq •. 


ror 
opper.tlon 
vith 
Interrupts 
'store 
stat:' 
would 
be 
the 
entry 
point 
of 
the 
routln.. 
- 
Note 
that. 
OJ 
or 
PUSHP 
.19ht 
have 
to 
be 
added. 


NEW 
STAT, 
1050, 
,oPK 


OLD-STAT, 
NZW 
STAT 
".tt 
OLD_STAT, 
NEW_STAT 


HSO 
COMMAND, 
'001100008 


HSO·-TIMB, 
TIMEAI, 
HSO_OPP 
0 


cheek 
1 


Set 
1150 
for 
t1 •• r1, 
set 
pin 
0 


Tl •• 
to 
set 
pin. 
Ti.erl 
value 
+ 
Tl_. 
for 
pin 
tn 
b~ 
low 


Set 
HSO 
for 
ti.erl, 
clear 
pin 
0 


Tiae 
to 
clear 
pin. 
Tiaerl 
value 


+ 
Tiae 
tor 
pin 
to 
be 
hi9h 


"80 
COMMAND, 
.001100018 


"SO-TIME, 
TIMER1, 
HSO orr 


check_done 
- 


Set 
HSO 
for 
ti.erl, 
clear 
pin 
1 


7i •• 
to 
cl •• r 
pin. 
,.i•• rl 
valu. 


+ 
7i •• 
for 
pin 
to 
b. 
h19h 


Listing 3·8. Generating a PWM with the HSO 


21-146 


a __ 
~._ 
•• 
_~ 
__ 


"CSEG") 
in Listing 3-8 must be changed to that in 


Listing 3-9. 


driver routine could easily be the basis for a sWltchmg 
power supply or a variable frequency/variable 
voltage 


motor driver. The listing of the driver routine is shown 
in Listing 3-10. 
The driver routine simply changes the duty cycle of the 
waveform and sets the second HSO output to a fre- 


NOTE: 
Us. 
thl. 
fit. 
to 
teplace 
the 
d.clatatlon 
.ectlon 
of 


the 
HSO 
PMM 
pto9ta. 
fto. 
-SINCLUOE(DEMOt6.IMC)- 
thtouqh 
the 
line 
ptlot 
to 
the 
label 
-valt-. 
Al.o 
change 
the 
l •• t 
btanch 
In 
the 
pto9ta. 
to 
• 
-R£T-. 


RSO 
ON 
0 
RSO-ON-I 
NSO-"Iiis 
'\'INERt 
SP 


aword 
IWOtd 
Iwotd 
Iwotd 
Iword 


I 


, 
MSO 
orr 
0 
Iword 
Mso-orr-l 
Iword 
HSO-COMMAND 
abyt. 
IOSO 
abyt.. 


o 
S'I'A71 


•• 
trn 
e.trn 
•• trn 
•• 
trn 
extrn 


public 
OLD 
STA7 


OLD 
STA'I's 
- 
d.b 


NEW:STATI 
deb 


PUSLIC 
PUBLIC 
.u aL I C 
'UeLIC 


H80 
ON 
0 
, 
HSO 
orr 
0 
MSO-ON-l 
, 
RSO-OPP-I 
HSO-7IMB 
, 
HSO-COMMAND 
S' 
: 
TtMaRI 
, 
1050 


HSO 
OM 
01 
d.w 
HSO-Orr 
01 
dew 
H50-ON 
II 
d." 
HSO-Opr 
11 
dew 
countl 
- 
d.b 


EXTR. 
valt 
a.ntl'y 


etrta 
01 
LO 
SP, 
1100H 
ANDa 
OLD- 
STAT, 
1080, 
lors 
lOR8 
OLD- 
S'I'A'f', 10rR 


I nit' 
a 1 I 


LD 
ex, 
10100H 


loopi 
LD 
AX, 
11000H 
SUS 
SX, 
AX, 
ex 
LD 
AX, 
ex 


5" 
AX, 
HSO-ON 
0 
5" 
ax , HSO-orr-0 


inter 


AX, 
• 1 
ax,ll 
AX, 
H90 
ON 
1 
8X, 
Hso:orF_l 


CKex, 
,oorOON 
loop 


Since the 8096 needs to keep track of events which of- 
ten repeat at set intervals it is convenient to be able to 
have Timer 2 act as a programmable modulo counter. 
There are several ways of doing this. The first is to 
program 
the HSO to reset Timer 2 when Timer 2 


equals a set value. A software timer set to interrupt at 
Timer 2 equals zero could be used to reload the CAM. 
This software method takes up two locations in the 
CAM and does not synchronize Timer 2 to the external 
world. 


To synchronize Timer 2 externally the T2 RST (Timer 
2 ReSeT) pin can be used. In this way Timer 2 will get 
reset on each rising edge of T2 RST. If it is desired to 
have an interrupt generated and time recorded when 
Timer 2 gets reset, the signal for its reset can be taken 
from HSI.O instead of T2RST. The HSI.O pin has its 
own interrupt vector which functions independently of 
the HSI unit. 


Another option available is to use the HSI.l 
pin to 


clock Timer 2. By using this approach it is possible to 
use the HSI to measure the period of events on the 
input to Timer 2. If both of the HSI pins are used 
instead of the T2RST and T2CLK pins the HSIO unit 
can keep track of speed and position of the rotating 
device with very little software overhead. This type of 
setup is ideal for a system like the one shown in Figure 
3-1, and similar to the one used in section 4.3. 


In this system a sequence of events is required based on 
the position of the gear which represents any piece of 
rotating machinery. Timer 2 holds the count of the 
number of tooth edges passed since the index mark. By 
using HSI.l 
as the input to Timer 2, instead of T2 


CLK, it is possible to determine tooth count and time 
information through the HSI. From this information 
instantaneous velocity and acceleration can be calculat- 
ed. Having the tooth edge count in Timer 2 means 


HSI.l 
OR T2CLK 


TIMER 
2 HOLDS 
TOOTH 
COUNT 


HSI MEASURES 
PULSE 
PERIOD 


HSI.O OR T2RST 


RESETS 
TIMER 
2 AND/OR 
CAUSES 
INTERRUPT 


inter 


that the HSO unit can be used to initiate the desired 
tasks at the appropriate tooth count. The interrupt rou- 
tine initiated by HSI.O can be used to perform any soft- 
ware task required every revolution. In this system, the 
overhead which would normally require extensive soft- 
ware has been done with the hardware on the 8096, 
thus making more software time available for control 
programs. 


Mode 1 of the serial port supports the basic asynchro- 
nous 8-bit protocol and is used to interface to most 
CRTs and printers. The example in Listing 3-11 shows 
a simple routine which receives a character and then 


transmits the same character. The code is set up so that 
minor modifications could make it run on an interrupt 
basis. Note that it is necessary to set up some flags as 
initial conditions to get the routine to run properly. If it 
was desired to send 7 bits of data plus parity instead of 
8 bits of data the PEN bit would be set to a one. Inter- 
processor communication, as described in section 2.3.4, 
can be set up by simply adding code to change RB8 and 
the port mode to the listing below. The hardware 
shown in Figure 3-2 can be used to convert the logic 
level output of the 8096 to ± 12 or 15 volt levels to 
connect to a CRT. This circuit has been found to work 
with most RS-232 devices, although it does not con- 
form to strict RS-232 specifications. If true RS-232 
conformance 
is required then any standard 
RS-232 


driver can be used. 


CHRI 
dab 
1 


S,TEMPt 
dab 
1 


TEMPO. 
dab 
1 


TEMPI: 
dab 
1 


ReV_PLAG, 
dab 


Dew 
aer 
port_lnt 


eaeg 
at 
2ol0R 


•• 
1' 
port 
inti 
- 
PUSHP 
rd 
again. 
LDS 


ORB 
AND. 
JHI 


8PTSN., 
'PITA,. 
'l'8M'O, S.'!'I". 
SPTIMP"Oll000008 
rd_agaln 
J 
•• 
p •• t 
until 
'1'1and 
RI 
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properly 
cl •• rad 


Thi ••• 
ctlon 
of 
coda 
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ba 
replaced 


with 
·0.. 
TEMPO, 
S' 
STAT- 
when 
the 


•• rlal 
port 
'1'1 and 
at 
bug. 
are 
fix.d 


get 
byte. 
- 
JIC 
nl 
ANOI 
LOI 


put 
byte. 
- 
JIC 
JIC 
LOI 


ANDI 


continuel 
popp 
n.• 


TEMPO, 
" 
put 
byte 
.8ur, 
CHR 
- 
•••MPo, 
1101111111 


RCV _PLAG, 
,OprH 


RCV 
PLAG, 
0, 
contlnue 
?EMiO, 
S, 
cpntinue 
aBUP, 
CHR 


•••MPo, 
1110111111 


ANDS 
CMPI 
JM. 
LOI 
U 


CHI, 
1011111111 
CHIt,IODR 
clr 
rcy 
CRa: 
'OAR 
continue 


If 
RI-te.p 
i. 
not 
.et 
Store 
byte 
CLR aI- te.p 
Set 
bit-received 
fl.9 


If 
receive 
fl.9 
i. 
cle.red 
Jf 
71 
w •• 
not 
•• t 
.end 
byte 
CLa 71-t •• p 


iiiiTDiiA 


(TO RS232 
PIN 3) 


RCVOATA 
(FROM 
RS232 PIN 2) 


The code in Listing 3-12 makes use of the software flags 
to implement a non-interrupt 
driven routine which 


scans A to D channels 0 through 3 and stores them as 
words in RAM. An interrupt driven routine is shown in 
section 4.1. When using the A to D it is important to 
always read the value using the byte read commands, 
and to give the converter 8 state times to start convert- 
ing before reading the status bit. 


Since there is no sample and hold on the A to D con- 
verter it may be desirable to use an RC filter on each 
input. A WOn. resistor in series with a 0.22 uf capacitor 
to ground has been used successfully in the lab. This 
circuit gives a time constant of around 22 microseconds 
which should be long enough to get rid of most noise, 
without overly slowing the A to D response time. 


4.0 ADVANCED 
SOFTWARE 


EXAMPLES 


Using the 8096 for applications which consist only of 
the brief examples in the previous section does not 


"'~""'J 
.•.•..••.•..•.•.•..•.•....•..•....•.••.•.•.• 
_- 
--y--------- 


examples use some of the code blocks from the previous 
section to show how several I/O features can be used 
together to accomplish a practical task. Three examples 
will be shown. The first is simply a combination of sev- 
eral of the section 3 examples run under an interrupt 
system. Next, a software serial port using the HSIO 
unit is described. The concluding example is one of in- 
terfacing the HSI unit to an optical encoder to control a 
motor. 


4.1. 
Simultaneous 
I/O Routines under 


Interrupt Control 


A four channel analog to PWM converter can easily be 
made using the 8096. In the example in Listing 4 ana- 
log channels are read and 3 PWM waveforms are gen- 
erated on the HSO lines and one on the PWM pin. 
Each analog channel is used to set the duty cycle of its 
associated output pin. The interrupt system keeps the 
whole. program humming, providing time for a back- 
ground task which is simply a 32 bit software counter. 
To show which routines are executing and in which 


RESULT 
TABLBt 


RESULT 
i. 
d •• 


RESULT-21 
de. 


RBSUL"-'. 
d •• 


Rr.:SOLT::::4: 
d.", 


NOP 
NOP 
check 
I 
JaB 


ADDB 
LDBII: 
ST 


DL, 
BL, 
BL 


01, 
DL 
AI, 
RESULT 
TA8L.(DX) 


be waited between consecutive loads of the HSO. If this 
is not done it is possibleto overwrite the contents of the 
CAM holding register. An AID interrupt is forced by 
setting the bit in the Interrupt Pending register. This 
causes the first AID interrupt to occur just after the 
Interrupt Mask register is set and interrupts ar~ en· 
abled. 


order, Port I output pins are used to indicate the cur· 
rent status of each task. The actual code listing is in· 
cluded in Appendix B. 


The initialization section, shown in Listing 4·la, clears 
a few variables and then loads the first set of on and ofT 
times to the HSO unit. Note that 8 state times must 
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J I 
J I 
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J I J 
J I 
J r ,,, 
"""111 
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II' 
I "" 
I' 
I' 
"II 
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ON 
TIME: 
PV" 
TIME 
I. 
DSW 


HSo-ON 
0, 
DSM 


HSO-ON-l1 
OS" 


850=ON='1 
OS" 


RESULT 
TABLE. 
RESULT 
O. 
RESULT-It 
RESULT-21 
RESULT:]. 


NXT 
ON 
T. 
NXT-OPF 
O. 
NXT-OPP-l. 
NXT-OPP-2. 


COUNT 
I 
- 
AD 
HUMI 
TN'. 
HSO 
PER, 


LAST_LOAD: 


Dew 
atart 
, 
Tl •• 
r_oyf_lnt 


Dew 
"tad 
done 
lnt 


DeW 
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HSO_exec_lnt 


cleq 
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HIOK 


Itart: 
LD 
S p. 
.10 
OK 


CLI 
AX 


v.l 
t I 
DEC 
AX 


JNE 
w.l 
t 


·CLRa 
AD 
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LO 
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TIME 
1, 
1080H 


LO 
HSO-PER,-'I00N 


LO 
N5o-ON 
0, 
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LO 
HSO-ON-l, 
,080H 


LO 
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and 
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interrupt. 
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interrupt 


Hso 
COMMAND, 
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LAST 
LOAD, 
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INT:.BNDING, 
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•• 


Portl, 
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COUNT, 
'01 
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Portl, 
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loop 
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••• 
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pin 
2 
LD 
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done 
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ST 


AL, 
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DL- 
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DL- 
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*2 
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OX 
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end 
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eMP. 
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end 
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end. 
LOa 
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ST 
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The HSO routine shown in Listing 4-1b is slightly dif- 
ferent than the one in section 3. All of the HSO lines 
turn on at the same time, only the turn-ofT-time is var- 
ied between lines. This action is what is most common- 
ly required for multiple PWM outputs and simplifies 
the software. A comparison is made between Timer! 
and the next HSO turn on time at the beginning of the 
routine. If the next turn on time has passed, then the 
on-times are loaded into the CAM, otherwise the ofT 
times are loaded. 


The maximum number of events in the CAM at any 
given time is 7. This occurs when the first line to turn 
ofTdoes so, causing the ofT-timesfor all of the lines to 
be loaded. For two of the lines there will be an ofTtime. 
an on-time, and the just loaded ofT-time.The other line 
(the one that just turned off) will have only the on-time 
and the just loaded ofT-time. 


AID conversions are performed by the code in Listing 
4-lc about every 60 microseconds, 42 for the conver- 
sion, the rest for overhead. The AID routine sets up the 
HSO and PWM on and ofT times. Since the AID 


has a ten bit output, the most significant 8 bits are 
rounded up or down based on the least significant two 
bits. 


4.2. 
Software 
Serial Port Using the 


HSIO Unit 


There are many systems which require more than one 
serial port, an example is a system which must commu- 
nicate with other computers and have an additional 
port for a local console. If the on-board UART is being 
used as an inter-processor link, the HSIO unit can be 
used to interface the 8096 to an additional asynchro- 
nous line. 


Figure 4-1 shows the format of a standard to-bit asyn- 
chronous frame. The start bit is used to synchronize the 
receiver to the transmitter; at the leading edge of the 
START bit the receiver must set up its timing logic to 
sample the incoming line in the center of each bit. Fol- 
lowing the start bit are the eight data bits which are 
transmitted least significant bit first. The STOP bit is 
set to the opposite state of the START bit to guar- 


inter 


antee that the leading edge of the START bit will cause 
a transition on the line; it also provides for a dead time 
on the line so that the receiver can maintain its syn- 
chronization. 


The remainder of this section will show how a full-du- 
plex asynchronous port can be built from the HSIO 
unit. There are four sections to this code: 
I. Interface routines. These routines provide a proce- 


dural interface between the interrupt driven core of 
the software serial port and the remainder of the ap- 
plication software. 
2. Initialization routine. This routine is called during 


the initialization of the overall system and sets up the 
various variables used by the software port. 


3. Transmit ISR. This routine runs as an ISR (interrupt 


service routine) in response to an HSO interrupt in- 
terrupt. Its function is to serialize the data passed to 
it by the interface routines. 


4. Receive ISRs. There are two ISRs involved in the 


receive process. One of them runs in response to an 
HSI interrupt and is used to synchronize the receive 
process at the leading edge of the start bit. The sec- 
ond receive ISR runs in response to an HSO generat- 
ed software timer interrupt, this routine is scheduled 
to run at the center of each bit and is used to deseri- 
alize the incoming data. 


The routines share the set of variables that are shown in 
Listing 4-2. These variables should be accessed only by 
the routines which make up the software serial port. 
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stored the START and STOP bits are added to the data 
bits. The routine char-in 
is called when the applica- 


tion software requires a character from the port. The 
data is returned in the ax register in conformance to 
PLM 96 calling conventions. The routine csts can be 
called to determine if a character is available at the port 
before calling char_in. 
(If no character 
is available 
char_in 
will wait indefinitely). 


The table also shows the declarations for the com- 
mands issued to the HSO unit. In this example HSI.2 is 
used for receive data and HSO.5 is used for transmit 
data, although other HSI and HSO lines could have 
been used. 


The interface routines are shown in Listing 4-3. Data is 
passed to the port by pushing the eight-bit character 
into the stack and calling char_out, 
which waits for 


any in-process transmission to complete and stores the 
character into the variable serial_out. 
A~ the data is 


The ,initialization routine is shown in Listing 4-4. This 
routine is called with the required baud rate in the 
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stack; it calculates the bit time from the baud rate and 
stores it in the variable 
baud_count 
in units 
of 


TIMERI ticks. An HSO command is issued which will 
initiate the transmit process and then the remainder of 
the variables owned by the port are initialized. The rou- 
tine init_receive is called to setup the HSI unit to look 
for the leading edge of the START bit. 


The transmit process is shown in Listing 4-5. The HSO 
unit is used to generate an output command to the 
transmit pin once per bit time. If the serial_out 
regis- 


ter is zero a MARK (idle condition) is output. If the 
serial_out 
register contains data then the least sig- 


nificant bit is output and the register shifted right one 
place. The framing information (START and STOP 
bits) are appended to the actual data by the interface 
routines. Note that this routine will be executed once 
per bit time whether or not data is being transmitted. It 
would be possible to use this routine for additional low 
resolution timing functions with minimal overhead. 


The receive process consists of an initialization routine 
and 
two 
interrupt 
service 
routines, 
hsi_isr 
and 


software_timer _isr. 
The listings of these routines are 


shown in Listings 4-6a,4-6b, and 4-6c respectively. The 
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start is detected by the hsi_isr which schedules a soft- 
ware timer interrupt in one-half of a bit time. This first 
sample is used to verify that the START bit has not 
ended prematurely (a protection against a noisy line). 
The software timer service routine uses the variable 
rcve_state to determine whether it should check for a 
valid START bit, deserialize data, or check for a valid 
STOP bit. When a complete character 
has been re- 


ceived it is moved to the receive buffer and init_receive 
is called to set up the receive process for the next char- 
acter. This routine is also called when an error (e.g., 
invalid START bit) is detected. 


Appendix C contains the complete listing of the rou- 
tines and the simple loop which was used to initialize 
them and verify their operation. The test was run for 
several hours at 9600 baud with no apparent malfunc- 
tion of the port. 


4.3. 
Interfacing 
an Optical Encoder to 
the HSI Unit 


Optical encoders are among one of the more popular 
devices used to determine position of rotating equip- 
ment. These devices output two pulse trains with edges 
that occur from 2 to 4000 times a revolution. 


Frequently there. is a third line which generates one 
pulse per revolution for indexing purposes. Figure 4-2 
shows a six line encoder and typical waveforms. As can 
be seen, the two waveforms provide the ability to deter- 
mine both position and direction. Since a microcontrol- 
ler can perform real time calculations it is possible to 
determine velocity and acceleration from the position 
and time information. 


Interfacing to the encoder can be an interesting prob- 
lem, as it requires connecting mechanically generated 
electrical signals to the HSI unit. The problems arise 
because it is difficult to obtain the exact nature of the 
signals under all conditions. 


The equipment used in the lab was a Pittman 9400 se- 
ries gearmotor with a 600 line optical encoder from 
Vemitech. The encoder has to be carefully attached to 
the shaft to minimize any runout or endplay. Fortu- 
nately, Pitmann 
has started marketing 
their motors 


with ball bearings and optical encoders already in- 
stalled. It is recommended that the encoder be mounted 
to the motor using the exact specifications of the encod- 
er manufacturer and/or a good machine shop. 
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Digital filtering external to the 8096 is used on the en- 
coder signals. The idealized signals coming from the 
encoder and after the digital fJ.lterare shown in Figure 
4-3. The circuitry connecting the encoder to the 8096 
requires only two chips. A one-shot constructed 
of 


XOR gates generates pulses on each edge of each sig- 
nal. The pulses generated by Phase A are used to clock 
the signal from Phase B and vice versa. The hardware is 
shown in Figure 4-4. CMOS parts are used to reduce 
loading on the encoder so that buffers are not needed. 
Note that T2CLK is clocked on both edges of both 
fJ.lteredphases. 


By using this method repetitive edges on a single phase 
without an edge on the other phase will not be passed 
on to the 8096. Repetitive edges on a phase can occur 
when the motor is stopped and vibrates or when it is 
changing direction. The digital fJ.lteringtechnique caus- 
es a little more delay in the signal at slow speeds than 
an analog fJ.lter would, but the simplicity trade off is 
worthwhile. The net effect of digital fJ.lteringis losing 
the ability to determine the first edge after a direction 
change. This does not affect the count since the first 
edge in both directions is lost. 


NOTES: 
Phase A' is Phase A clocked by Phase S 
Phase S' is Phase S clocked by Phase A 


If it is desired to determine when each edge occurs be- 
fore fJ.ltering,the encoder outputs can be attached di- 
rectly to the 8096. As these would be input signals, Port 
o is the most likely choice for connection. It would not 
be required to connect these lines to the HSI unit, as 
the information on them would only be needed when 
the motor is going very slowly. 


The motor is driven using the PWM output pin for 
power control and a port pin for direction control. The 
8096 drives a 7438 which drives 2 opto-isolators. These 
in turn drive two VFETs. A MOV (Metal Oxide Varis- 
tor, a type of transient absorber) is used to protect the 
VFETs, and a capacitor filters the PWM to get the best 
motor performance. Figure 4-5 shows the driver cir- 
cuitry. To avoid noise getting into the 8096 system, the 
± 15 volt power supply is isolated from the 8096 logic 
power supply. 


This is the extent of the external circuitry required for 
this example. All of the counting and direction detec- 
tion are done by the 8096. There are two sections to the 
example: driving the motor and interfacing to the en- 
coder. The motor driver uses proportional control with 


some modifications and a braking algorithm. Since the 
main point of this example is I/O interfacing, the mo- 
tor driver will be briefly described at the end of this 
section. 


In order to interface to the encoder it is necessary to 
know the types of waveforms that can be expected. The 
motor was accelerated and decelerated many times us- 
ing different maximum voltages. It was found that the 
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motor woul 
decelerate smoothly until the time be- 


tween encoder edges was around 100 microseconds. At 
this point the motor would either continue to decelerate 
slowly, or would suddenly stop and reverse. The latter 
case is the one that was most problematic. 


After a brief overview, each section of the program will 
be described separately, with the complete listing in- 
cluded in the Appendix D. In order to make debugging 
easier, as well as to provide insight into how the pro- 
gram is working, I/O port I is used to indicate the 
program status. This information consists of which rou- 
tine the program is in and under which mode it is oper- 
ating. The main program sections are: Main loop, HSI 
interrupt, Timer 2 check, and Motor drive. There are 
also minor sections such as initialization, timer over- 
flow handling, and software timer handling. Tying ev- 
erything together is some overhead and glue. Where the 
glue is not obvious it will be discussed, otherwise it can 
be derived from the listings. 


The program is a main loop which does nothing except 
serve as a place for the program to go when none of the 
interrupt routines are being run. All of the processing is 
done on an interrupt basis. 


There are three basic software modes which are in- 
voked depending on the speed of the motor. The modes 
referred to as 0, I and 2, in order from slowest to fastest 
operation. When the program is running the operating 


mode is indicated by the lower 2 bits of Port I, with the 
following coding: 


P1.0 P1.1 
Mode 
Description 


0 
0 
0 
HSI looks at every edge 


1 
0 
1 
HSI looks at Phase A edges only 


0 
1 
2 
Timer 2 used instead of HSI 


1 
1 
2 
(alternate 
form of above) 


The example is easiest to see if mode 2 is described first, 
followed by mode I then mode O.In mode 2 Timer 2 is 
used to count edges on the incoming signal. A software 
timer routine, which is actually run using HSO.O, uses 
the Timer 2 value to update a LONG (32-bit) software 
counter labeled POSITION. The HSO routine runs ev- 
ery 260 microseconds. The HSO.O interrupt is used in- 
stead of an actual software timer because of the ability 
to easily unmask it while other software timer routines 
are running. 


In the code in Listing 4-7, the mode is first determined. 
For the first pass ignore the code starting with the label 
in_mode_I. Starting with in_mode_2 the counter is 
incremented or decremented based on bit zero of DI- 
RECT. If DIRECT.O = 0 the motor is going back- 
ward, if it is a I the motor is going forward. Next the 
count difference is checked to see if it is slow enough to 
go into mode I. If not the routine returns to the code it 
was running when the interrupt occurred. 
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If the pulse rate is slow enough to go to mode I, the 
transition is made by enabling HSI.O and HSI.I. Both 
of these lines are connected to the same encoder line, 
with HSI.O looking for rising edges and HSI.I looking 
for falling edges. The HSI_TIME 
register is read to 


speed up clearing the HSI FIFO and the LASTl_ 
TIME value is set up so the mode I routine does not 
immediately put the program into another mode. The 
HSI FIFO 
is then cleared, the Timer 2 value used 


throughout 
this routine is saved, and the routine re- 


turns. 


This routine still runs in modes 0 and I, but in an 
abbreviated form. The section of code starting with the 
label in_model checks to see if the pulses are coming 
in so slowly that both HSI lines can be checked. If this 
is the case then all of the HSIs are enabled and the 
program returns. This routine is the secondary method 
for going from mode I to mode 0, the primary method 
is by checking the time between edges during the HSI 
routine, which will be described later. 


The HSO routine will enable mode 0 from mode I if 
two edges are not received every 260 microseconds. The 
primary method, (under the HSI routine), can only 


enable mode 0 after an edge is received. This could 
cause a problem if the last 2 edges on Phase A before 
the encoder stops were too close to enable mode O. If 
this happened, mode 0 would not be enabled until after 
the encoder started again, resulting in missed edges on 
Phase B. Using the HSO routine to switch from mode I 
to mode 0 eliminates this problem. 


Figure 4-6 shows a state diagram of how the mode 
switching is done. As can be seen, there are two sources 
for most of the mode decisions. This helps avoid prob- 
lems such as the one mentioned above. 


When either Mode I or Mode 0 is enabled the HSI 
interrupt routine performs the counting of edges, while 
the HSO routine only ensures that the correct mode is 
running. The routines for modes 0 and I share the same 
initialization and completion sections, with the main 
body of code beirig different. 


The initialization routine is similar to many HSI rou- 
tines. The flags are checked to ensure that the HSI 
FIFO data is valid, and then the FIFO is read. Next, 
the main body of code (for either mode 0 or mode I) is 
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run. At the end time and count values are saved and the 
holding register is checked for another event. Listing 4- 
8 contains the initialization and completion sections of 
the HSI routine. 


Listing 4-9 is the main body of the Mode I routine. 
Before any calculations are done in Mode I, the incom- 
ing pulse period is measured to see if it is too fast or too 
slow for mode I. The time period between two edges is 
used so that the duty cycle of the waveform will not 
affect mode switching. If it is determined that Mode 2 
should be set, Port 1.1 is set, all of the HSI lines are 
disabled, and the HSI fifo is cleared. If Mode 0 is to be 
set all of the HSI lines are enabled and the variable 
LASTJTATis 
cleared. LAST_STAT 
= 0 is used as 


a flag to indicate the first HSI interrupt in Mode 0 after 
Mode I. After the mode checking and setting are com- 
plete the incremental value in Timer 2 is used to update 


POSITION. The program then returns to the comple- 
tion section of the routine. 


There is a lot more code used in Mode 0 than in Mode 
I, most of which is due to the multiple jump statements 
that determine the current and previous state of the 
HSI pins. In order to save execution time several blocks 
of code are repeated as can be seen in Listing 4-10. The 
first determination is that of which edge had occurred. 
If a Phase A edge was detected the LASTl_TIME 
and 


LAST2_TIME 
variables are updated so a reference to 


the pulse frequency will be available. These are the 
same variables used under Mode I. A test is also made 
to see if the edges are coming fast enough to warrant 
being in Mode I, if they are, the switch is made. If the 
last edge detected was on Phase B, the information is 
used only to determine direction. 
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After mode correctness is confirmed and the LASTx_ 
TIME values are updated 
the LASTJTAT 
(Last 


Status) variable is used to determine the current direc- 
tion of travel. The POSITION value is then updated in 
the direction specified by the last two edges and the 
status is stored. Note that the first time in Mode 0 after 
being in Mode I, the Mode I done_chk 
routine is used 


to update POSITION, instead of the routines going_ 
fwd and going_rev 
from the Mode 0 section of code. 
The completion section of code is then executed. 


Providing the PWM value to drive the motor is done by 
a routine running under Software Timer I. The first 
section of code, shown in Listing 4-11a, has to do with 
calculating the position and timer errors. Listing 4-11b 
shows the next section of code where the power to be 
supplied to the motor is calculated. First the direction 
is checked and if the direction is reverse the absolute 
value of the error is taken. If the error is greater than 
64K counts, the PWM routine is loaded with the maxi- 
mum value. The next check is made to see if the motor 


is close enough to the desired location that the power to 
it should be reversed, (i.e., enter the Braking mode). If 
the motor is very close to the position or has slowed to 
the point that is likely to turn around, the Hold_Posi- 
tion mode is entered. 


The determination of which modes are selected under 
what conditions was done empirically. All of the pa- 
rameters used to determine the mode are kept in RAM 
so they can be easily changed on the fly instead of by 
re-assembling the program. The parameters in the list- 
ing have been selected to make the motor run, but have 
not been optimized for speed or stability. A diagram of 
the modes is shown in Figure 4-7. 


In the Hold_Position 
mode power is eased onto the 


motor to lock it into position. Since the motor could be 
stopped in this mode, some integral control is needed, 
as proportional control alone does not work well when 
the error is small and the load is large. The BOOST 
variable provides this integral control by increasing the 
output a fixed amount every time period in which the 
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error does not get smaller. Once the error does get 
smaller, usually because the motor starts moving, 
BOOST is cleared. 


A sanity check can be performed at this point to double 
check that the 8096has proper control of the motor. In 
the example the worst that can happen is the proto- 
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type will need to be reset, so the sanity check was not 
used. If one were desired, it could be as simple as 
checking a hardware generated direction indicator, or 
as complex as checking motor condition and other en- 
vironmental factors. 


After all checks have been made, the power value is 
loaded to the RPWR register using a software inversion 
to compensate for the hardware inversion. Direction is 
determined 
next and the power and direction 
are 


changed in adjacent instructions with interrupts dis- 
abled to prevent changing power without direction and 
vice versa. 


To exercise the program logic the desired position is 
changed based on the time value using the code and 
lookup table shown in Listing 4-12. 


The remammg sections of the program are relatively 
simple, but worth discussing briefly. The initialization 
routine initializes the I/O features and places several 
variables from ROM into RAM. Having these variables 
in RAM makes it easier to tweak the algorithm. Timer 
1 is expanded into a 32-bit timer by the interrupt rou- 
tine shown in Listing 4-13. 


Software timer overhead is handled by the routine 
shown in Listing 4-14. In this routine the status of each 
timer bit is checked in a shadow register. If any of the 
timers have expired the appropriate routine is called. 
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The last routine, shown in Listing 4-15, is the Software 
Timer 2 routine which outputs some variables to exter- 
nal RAM. It also keeps LASTl_Time 
within 1800H 


of Timer! to prevent overflows from occurring when 
the Mode 0 and Mode I software check this variable. 


A complete listing of the program as it is used in our 
lab can be found in Appendix D. For a given motor or 
encoder it will probably be necessary to change some of 
the time constants on the first page of the listing. With 
the motor 
used in our experimentation, 
pulses are 


missed from time to time when direction 
changes 
quickly. If the motor were not as fast to turn around or 
the encoder were mounted better these problems should 
disappear. The missing pulses occur when switching 
from Mode I to Mode 0, other than that no anomalies 
were found in the lab. 


Prior to the version of code just discussed, several at- 
tempts were made, one of which could be used under 
certain constraints. It is possible to use only modes 2 
and 0 to monitor the encoder, provided the encoder 


always operates smoothly and provides at least 200 mi- 
croseconds between the last several edges of Phase A 
before reversing. This idea was originally tried because 
the motor was not characterized thoroughly at first, 
and caused problems because of the motors tendency to 
stop suddenly when its speed was low. 


If an encoder has a lower line count and therefore more 
time between output pulses the two mode solution can 
be used. The software for the two mode version can be 
easily extracted form the three mode version, so it will 
not be presented. 


The diagram in Figure 5-1 illustrates how to connect an 
8096 in a minimum configuration system. Either 2764s 
or 27128s can be used in the system. Note that the 
lower EPROM contains the even bytes while the upper 


inter 
AP-248 


C7 


+5Y 
J 
3?pF 


35 
RDY 


NIII 


+5V 


'= 
14 
TEST 


EA 


RESET 
...L 


~ 


64 
VPD 
• 
VCC 


.01 


10 


42 
VSS 


VSS 


e2 
iiEffi 


e3 
EXnNT 


34 
T2CLK 


3lI 
T2RST 


3. 
PWII 


80 
TllD 


11 
RXD 


ACHO 


ACHI 


ACH2 


ACH3 


17 
ACH4 


88 
ACH5 


ACHe 


ACH7 


85 
VREF 


ANGNO 


YBB 


one contains the odd bytes, and the addressing is not 
fully decoded. This means that the addressing on a 
2764will be such that the lower 4K of each EPROM is 
mapped 
at 
()()()()Hand 
4000H while the 
upper 


C6 


33SF =1 


12 


CLKOUT 


13 


BHE 
37 


38 
WR 


RD 


17 


RD 


ALE 
18 


ALE 


15 
INST 


33 
A015 
32 
AD14 


A013 
31 


30 
AD12 
2t 
A011 
28 
AD10 
27 
Aot 
28 
AD8 


AD7 
25 


ADS 
24 


23 
AD5 


AD4 
22 
8096 
21 
AD3 
20 
AD2 
1t 
ADt 
18 
ADO 
ADO- 


A015 


59 
P1.0 


P1.1 
58 


57 
P1.2 


58 
Pl.3 


55 
Pl .• 


P1.5 
48 


47 
Pl.6 


P1.7 
48 


HSO.O 
50 


HSO.1 
4. 


HSD.2 
44 


43 


4K is mapped at 2000H. If the program being loaded is ' 
16 Kbytes long the first half is loaded into the second 
half of the 2764s and vice versa. A similar situation 
exists when using 27128s. 


vccJ 
, 
....• 
T 
J 


11 
G 
1 
>7 
PGII 
vCC 
OC 
~ 


A015 
11 
Q8~ 
MA14 
•• 
A13 
" 
A015 
DS 
07 


AD14 
17 
,. 
MA14 
111.,3 
2 
A12 
06 


11 
A01. 
07 
a7 


1.013 
" 


0615 
MA13 
MA,12 
23 
All 
OS 


17 
A013 
DO 
A012 
13 
12 
111.,2 
MAll 
21 
Al0 
OC 


16 
4012 
OS 
as 


AD11 
6 
a. 
9 
MAll 
MAlO 
•• 
A9 
lS 
AD11 
D4 
03 


A01Q 
7 


a3 
• 


MAlO 
IIA9 
2S 
A6 
13 
A010 
03 
02 


ADO 
• 
a2 
S 
IIA9 
IIA6 
3 
A7 


12 
ADO 
02 
01 
ADS 
3 
2 
IIA6 
IIA7 
• 
A' 


11 
AD8 
01 
al 
DO 


10 
IIA. 
S 
AS 


20 
~ 


GND 
74LS373 
liAS 
• 


CE ~ 
-::1=- 


A' 
DE 
IIAC 
7 


IIA3 
A3 
I 


9 
A2 
IIA2 
Al 
IIAI 
10 


ypp~ 


AO 


vpp 
2764 


~ 


GND 
27128 


RD 


vcc 


vr 
T 
ALE 
11 


vccJ 
•• 
G 
vcc 
, 
DC 
>7 
POll 
07 ,. 
AD7 
~ 


AD7 
16 
01 
al 
19 
IIA7 
••A'4 
26 
A13 
06 
16 
ADO 


ADO 
17 
•• 
IIA, 
MA13 
2 
A12 
OS 
17 
ADS 
07 
a7 


ADS 
1C 
'S 
liAS 
111.'2 
23 
All 
O' •• 
AD' 
DO 
06 


AD4 
13 
12 
MAC 
MAll 
21 
A'O 
03 
'S 
AD3 
OS 
as 


AD3 
I 
• 
MA' 
MAtO 
•• 
A9 
02 
13 
AD2 
DC 
a. 


AD2 
7 
• 
MU 
MAg 
2S 
A6 
01 
12 
. ADt 
03 
a3 


AD' 
• 
S 
MA' 
MAl 
3 
A7 
DO 
11 
ADO 
02 
a2 


ADO 
3 
2 
MAO 
MA7 
• 
A6 
CE 
20 
01 
a, 


~ 
~ 


74LS373 
MA, 
S 
AS 
DE~ 
GND 
MAS 
• 
A' 
MA. 
7 


MA3 
I 
A3 


IIA2 
9 
A2 


AD = AOOAESSfOATA 
MAl 
'0 
AI 


"A 
= MEMORY 
ADDRESS 
Ypp---!. 


AO 


vpp 
2764 


~ 


GND 
27128 


ADO-AD15 
./ 
/ 


This circuit will allow most of the software presented in 
this ap-note to be run. In a system designed for proto- 
typing in the lab it may be desirable to buffer the I/O 
ports to reduce the risk of burning out the chip during 
experimentation. 
One may also want to enhance the 


system by providing RC filters on the A to D inputs, a 
precision VREF power supply, and additional RAM. 


the usage of the lines can be restricted to inputs or 
outputs on a port by port rather than line by line basis. 
The ports are reconstructed by using standard memory- 
mapped I/O 
techniques, (i.e., address decoders and 


latches), at the appropriate addresses. If no external 
RAM is being used in the system. then the address de- 
coding can be partial, resulting in less complex logic. 


The reconstructed I/O ports will work with the same 
code as the on chip ports. The only difference will be 
the propagation delay in the external circuitry. 


If it is desired to fully emulate a 8396 then I/O ports 3 
and 4 must be reconstructed. It is easiest to do this if 


An overview of the MCS-96 family has been presented 
along with several simple examples and a few more 
complex ones. The source code for all of these pro- 
grams are available in the Insite Users Library using 
order code AE-16. Additional information on the 8096 
can be found in the Microcontroller Handbook and it is 
recommended that this book be in your possession be- 
fore attempting any work with the MCS-96 family of 
products. Your local Intel sales office can assist you in 
getting more information on the 8096 and its hardware 
and software development tools. 
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SOURCE 
FILE 
F3. INTERI 
A96 
OBJECT 
FILE 
F3 
INTER I OBJ 
CONTROLS 
SPECIFIED 
IN INVOCATION 
COMMAND 
NOSB 


0022 


0022 
0024 
0026 
0028 
0028 


:l> 
002A 
:.. 
002C 
002E 


,~ 
0030 
~ 
D'ii' 
...• 
r- 
2080 
....• 
U1 
00 
2080 
AI000118 
~ 
C 
'tI 
2084 
B0221C 
...• 
2087 
18031C 
208A 
71FEIC 


2080 
ACICIC 
2090 
A310002124 


LINE 
I 
2 
3 
4 
=1 
5 
=1 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 


SOURCE 
STATEMENT 
STITLE< 
'INTER1 
A9b: 
Interpolation 
routine 
1 ') 


•• 
i~. 
i. 
8096 
AS5embl~ 
code 
for 
table 
lookup 
and 
interpolation 


tJNCLUDE<:FO 
DEP1096.INC) 
i 
Include 
demo definitIons 
Snolist 
Turn 
listing 
off 
for 
include 
file 
End 
of 
include 
file 


RSEG 
at 
22H 


IN_VAL: 
dsb 
I 
Actual 
Input 
Value 
TABLE _LOW. 
ds,. 
I 
TABLE_HIGH: 
ds,. 
I 
IN_OIF: 
ds" 
I 
Upper 
Input - Lower 
Input 
IN_OIFB 
e'lu 
IN_OIF 
:b~to 
TAB _OIF. 
ds,. 
I 
Upper 
Output 
- Lower 
Output 
OUT: 
ds,. 
I 
RESULT: 
ds,. 
1 
OUT-OIF: 
d,I 
1 
; 
O.lta 
Out 


LOB 
SHRB 
ANOB 


AL. 
IN_VAL 
AL. .3 
AL. 
.11111110B 


Load 
temp 
with 
Actual 
Value 
Divide 
the 
b~te 
b~ 8 
Insure 
AL 
is 
• 
word 
address 
This 
effectiv.l~ 
divides 
AL 
b~ 2 
so AL = 
IN_VAL/16 


LDBZE 
AX. 
AL 
Load 
b~te AL 
to ,.ord AX 
LO 
TABLE_LOW. 
TABLE 
[AX] 
TABLE_LOW 
Is loaded 
,.Ith the value 
in 
the 
table 
at 
table 
location 
AX 


209A 
4B242b2A 


209E 
510F222B 


20A2 
AC2B2B 


20A5 
FE4C2A2B30 


20AA 
OE0430 


1> 
20AD 
4424302C 
..• 
-l 
III 
2091 
OA042C 
c:r 
iD 
2034 
A4002C 
,... 
~ 
0 
20117 C02E2C 
0 
..• ~ 
20llA 27C8 
c: 
-..,J 
'tl 
(1) 
0 
2100 
0a 
2100 
000000200034004C 
S' 
210B 
005DOObA0072007B 
c 
(1) 
2110 
0071l007D007bOObD 
.9: 
211B 
005D004B00340022 
2120 
0010 


B2 
83 
84 
8:; 
8b 
B7 
88 
89 
90 
91 
,92 
93 
94 
95 
9b 
97 
9B 
99 
100 
101 
102 
103 
104 
105 
lOb 
107 
108 
109 
110 
c.eg 
III 
112 
tilbIe: 


113 
114 
115 
lib 
117 
118 
END 


LD 
TABLE_HIGH. 
(TABLE+2)[AXl 
; TABLE_HIGH 
i. 10ilded with 
the 
value 
in 
the 
table 
at 
table 
location 
AX+2 
(Th. 
n •• 
t 
v.lu. 
in 
th. 
t.bl.) 


SHRAL 
OUT_DIF. 
114 


ADD 
OUT. 
OUT-DIF. 
TABLE_LOW 


SHRA 
OUT. 
114 
ADDC 
OUT. 
zero 


no 
inc 
ST 
OUT. 
RESULT 


BR 
look 


IN_DIFB=lea.t 
.igniflcant 
4 bit. 


of 
IN_VAL 


Load 
byte 
IN_DIFB 
to word 
IN_DIF 


Output_difference 
Input_difference*Table_difference 
Divide 
by 
Ib 
(2**4) 


Add 
output 
difference 
to 
output 
gene!ated 
wlth 
truncated 
IN_VAL 
as 
input 
Round 
to 
12-bit 
answer 
Round 
up 
If 
Carry 
= 


DCW 
OOOOH. 
2000H. 
3400H. 
4COOH 
i 
A random 
function 
DCW 
5DOOH. 
bAOOH. 
7200H. 
7BOOH 
DCW 
7BOOH. 
7DOOH. 
7bOOH. 
bDOOH 
DCW 
5DOOH. 
4BOOH. 
3400H. 
2200H 
DCW 
IOOOH 


SOURCE 
FILE 
F3 
INTER2 
A96 
OBJECT 
FILE 
F3 
INTER2 
OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND 
NOSB 


0024 


0024 
0026 
~ 
0028 


!'» 
002A 


-l 
002A 


III 
002C 
~ 
!l 
002E 


...•. 
II 
0030 
-..J 
r- 
-..J 
00~ 
2080 
C" 
N 
2080 
AI000II8 


2084 
B0241C 
2087 
1803IC 
208A 
71FEIC 


2080 
ACICIC 


2090 A31D002126 


2095 
A31D222128 


LINE 


1 
2 
3 
4 
5 
6 
~1 
7 
=1 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 


.INCLUDE< 
FO.DEM096 
INC) 
. Include 
demo 
definltlons 


Snolist 
Turn 
listing 
off 
for 
Include 
fil~ 
End 
of 
Include 
file 


IN_VAL 
TABLE_LOW. 
TABLE_INC 
IN_DIF 
IN_DIFB 
OUT: 
RESULT 
OUT_DIF 


Actual 
Input 
Value 
Table 
value 
for 
function 
Incremental 
change 
In 
function 
Upper 
Input 
- 
Lower 
Input 


LOB 
SHRB 
AND8 


AL. 
IN_VAL 
AL •• 
3 
AL •• 
111111108 


Load 
t.mp 
with 
Actual 
Value 
D,v,de 
the 
b~te 
b~ 8 
Insure 
AL 
IS 
a 
word 
address 
This 
effectlvel~ 
dlVld.s 
AL 
by 
2 
50 
AL 
= 
IN._VAL/16 
Load 
b~te 
AL 
to 
word 
AX 


TABLE_INC 
15 
loaded 
with 
the 
value 
In 
the 
Increment 
table 
at 


locatIon 
AX+2 


~ 
~ 
-f 
IlJ 
D'ii,.. 
~ 
00 
, 
~ 
~ 
c 
-.,j 
'0 
<Xl 
N 
0 
0 
~. 
:3 
C 
<D.e, 


2100 
2100 
000000200034004e 
2108 
005DOOOA00720078 


2110 
007B007D0076006D 


2118 
005D004B00340022 
2120 
0010 
2122 
2122 
0002400180011001 


2i2A 
D000800060003000 
2132 
200090FF70FFOOFF 
213A 
EOFE90FEEOFEEOFE 


IN_DIFB=least 
significant 
4 
bits 
of 
IN_VAL 
Load 
b~te 
IN_DIFB 
to 
word 
IN_DIF 


MUL 
OUT_DIF. 
IN_DIF. 
TABLE_INC 


J 
output_dlff~Tence 
Input_dtfference*Incremental_change 


val_table: 


DeW 
Dew 
Dew 
Dew 
DeW 
jne_table: 


Dew 
Dew 
Dew 
Dew 


OUT. 
OUT_DIF. 


OUT. 
114 
OUT. 
zero 


OUT. 
RESULT 
look 


OOOOH. 
5DOOH. 
7BOOH. 
5DOOH. 
lOOOH 


0200H. 
OODOH. 


00020H. 
OFEEOH. 


TABLE_LOW' 
Add 
output 
difference 
to 
output 
generated 
with 
truncated 
IN_VAL 
as 
input 
Round 
to 
12-bit 
answer 
Round 
up 
if 
Carr~ = 


200OH. 
3400H. 
4eOOH 
, A 
random 
function 
6AOOH. 
7200H. 
7800H 
7DOOH. 
7600H. 
6DOOH 
4BOOH. 
3400H. 
2200H 


014OH. 
008OH. 
OFF9OH. 
OFE9OH. 


0180H. 
0060H. 


OFF70H. 
OFEEOH. 


0110H 
0030H 
OFFOOH 
OFEEOH 


SERIES-III 
PL/M-96 
VI 
0 COMPILATION 
OF 
MODULE 
PLMEX 
OBJECT 
MODULE 
PLACED 
IN 
F3 
PLMEXI 
OBJ 
COMPILER 
INVOKED 
BY 
PLM96 
86 
F3 
PLMEXI 
P96 
CODE 


DECLARE 
IN_VAL 
DECLARE 
TABLE_LOW 


DECLARE 
TABLE_HIGH 
DECLARE 
TABLE_.DIF 
DECLARE 
OUT 
DECLARE 
RESULT 
DECLARE 
OUT_DIF 
DECLARE 
TEMP 


DECLARE 
TABLE(17) 
OOOOH. 
2000H. 


5DOOH. 
6AOOH. 


7BOOH. 
7DOOH. 
5DOOH. 
4BOOH. 


IOOOH), 


WORD 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
LONGINT 
WORD 


PUBLIC' 
PUBLIC, 
PUBLIC. 
PUBLIC, 
PUBLIC, 
PUBLIC, 
PUBLIC, 
PUBLIC, 


INTEGER 
DATA 
3400H. 
4COOH. 


7200H. 
7800H. 


7600H. 
6DOOH. 
3400H. 
2200H. 


DMPY: 
PROCEDURE 
(A.B) 
LONGINT 
EXTERNAL' 


DECLARE 
(A.B) 
INTEGER, 


END 
DMPY. 


1* 
If 
"TEMP" 
•••• repl.c"d 
b~ 
"SHRlIN_VAL.4)" 
*1 
/* 
The 
code 
would 
work 
but 
the 
8096 
would 
*1 
1* 
do two shifts 
*/ 


_. 


20 
IF CARRY=O 
THEN 
RESULT=OUT, 
1* Using 
the 
hardware 
flags 
must 
be 
done 
*1 
t 


22 
ELSE 
RESUL T=OUT+I, 
1* with 
c.re 
to 
ensure 
the 
flag 
is 
tested 
*1 
1* 
in 
the 
desired 
instruction 
se~uence 
*1 
23 
GOTO 
LOOP, 


1* END 
OF 
PLM-96 
CODE 
*1 


24 
END, 
270061-69 


PL/M-96 
COMPILER 
PLMEXI 
PLM-96 
E,ample 
Code 
for 
fable 
Lookup 
ASSEMBLY 
LISTING 
OF 
OBJECT 
CODE 
» 
~ 
'tl 
STATEMENT 
14 
r- 
0022 
PLMEX. 
s: 
0022 
AIOOOOl8 
R 
LD 
SP.IISTACK 
cD 
0026 
LOOP: 
a> 
0026 
AOOOIO 
R 
LD 
TEMP. IN_VAL 
0 
0 
0029 
080410 
R 
SHR 
TEMP.1I4H 
Co 
STATEMENT 
I' 
CII 
002C 
441010lC 
R 
ADD 
TMPO. TEMP. TEMP 
~ ~ 
0030 
A31DOOOO02 
R 
LD 
TABLE_LOW.TABLECTMPOJ 
» 
;:;: 
STATEMENT 
16 


"0 
~ 
':T 
• 
(l) 
m 
0035 
A31D020004 
R 
LD 
TABLE_HIGH.TABLE+2HCTMPOJ 
N 
a 
>< 
STATEMENT 
17 


-1:0> 


'tI 
QI) 
III 
003A 
48020406 
R 
SUB 
TABLE_DIF. 
TABLE_HIGH. 
TABLE_LOW 
;, 
STATEMENT 
18 
lIJ 
o' 
003E 
C806 
R 
PUSH 
TABLE_DIF 
;, 
0040 
410FOOOOIC 
R 
AND 
TMPO.IN_VAL.1I0FH 


'0 
0045 
C81C 
PUSH 
TMPO 
0 
0047 
EFOOOO 
E 
CALL 
DMPY 
~ 
004A 
0E04lC 
SHRAL 
TMPO.1I4H 
:J 
004D 
AOIEOE 
R 
LD 
OUT _DIF+2H. TMP2 
c 
0050 
AOICOC 
R 
LD 
OUT_DIF.TMPO 
CD.e, 
STATEMENT 
19 
0053 
A00220 
R 
LD 
TMP4.TABLE_LOW 
0056 
0620 
EXT 
TMP4 
0058 
641C20 
ADD 
TMP4.TMPO 
005B 
A41E22 
ADDC 
TMP6. TMP2 


005E 
OE0420 
SHRAL 
TMP4.114H 
0061 
A02008 
R 
LD 
OUT.TMP4 
STATEMENT 
20 


0064 
BIFFIC 
LDB 
TMPO.II0FFH 
0067 
DB02 
BC 
.0003 
0069 
111C 
CLRB 
TMPO 
006B 
@0003: 


270061-70 


1> 
~ 
'Vr- 
il:. 
CD 
CJ) 
0 
0 
D. 
CD 
~ 
II!;:; 
, 
:r 
..•. 
m 
~ 
)C 
"0 
III 
:Jlit0- 
:J 
0 
0a:i" 
c: 
CD.e, 


_. 


006B 
9BICOO 
CMPB 
RO. TI'1PO 
t 
006E 
070:5 
BNE 
(10001 
STATEMENT 
21 
0070 
A0200A 
R 
LD 
RESULT.TMP4 
0073 
2005 
BR 
(10002 
STATE/'IENT 
22 
007:5 
(10001: 
007:5 
AOOBOA 
R 
LD 
RESULT,OUT 
007B 
070A 
R 
INC 
RESULT 
STATE/'IENT 
23 
007A 
@0002: 


007A 
27AA 
BR 
LOOP 
STATEI:lENT 
24 
END 


MODULE 
INFORMATION: 


CODE 
AREA 
SIZE 
= 005AH 
900 
CONSTANT 
AREA 
SIZE 
= 0022H 
340 
DATA 
AREA 
SIZE 
OOOOH 
00 
STATIC 
REGS 
AREA 
SIZE 
= 0012H 
180 


OVERLAYABLE 
REGS 
AREA 
SIZE 
= OOOOH 
00 
MAXIMUM 
STACK 
SIZE 
0006H 
60 
4B 
LINES 
READ 


SOURCE 
FILE: 
:F3·MULT. A96 
ODJECT 
FILE: 
:F3: MULT. OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND: 
NOSB 


LINE 
SOURCE 
STATEMENT 
I 
.TITLEl 
'MUL T APT: 
16*16 
multIply 
procedure- 
for 
PLM-96, 
) 
2 
3 
4 
SP 
EGU 
18H:word 
5 
6 
rseg 
7 
EXTRN 
PLMREG 
:long 
8 
9 
cseg 
10 
11 
PUBLIC 
DMPY 
MUltIply 
two 
integers 
and 
return 
a 
12 
longint 
result 
in AX. 
DX 
registers 
13 
E 
14 
DMPY: 
POP 
PLMREG+4 
i 
Load 
return 
address 
E 
15 
POP 
PLMREG 
i 
Load 
one 
op erand 
E 
16 
MUL 
PLMREG. [SP]+ 
Load 
second 
operand 
and 
increment 
SP 
17 
E 
18 
BR 
[PLMREG+4l 
; 
Return 
to 
PLM 
code. 
19 
END 


0000 
CC04 
0002 
CCOO 
0004 
FE6EI900 


INPUT 
FILES' 
.F3: PLMEXI. OBJ •. F3' MUloT OBJ. 
PLM96 
LIB 
OUTPUT 
FILE' 
:F3.PLMOUT.OBJ 


CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND: 


ROM (2080H-3FFFH) 


INPUT 
MODULES 
INCLUDED: 


'F3:PLMEXI 
OBJIPLMEX) 
12/25/84 


'F3:MULT 
OBJIMULTl 
12/25/84 
PLM96.LIBIPLMREG) 
11/02/83 


~~ 
SEGMENT 
MAP 
FOR 
:F3: PLMOUT. OBJIPLMEX): 


'"Cl,... 
TYPE 
BASE 
LENGTH 
ALIGNMENT 
MODULE 
NAME 
iI:. 
--------- 
----------- 
CD 
Cl) 
0 
**RESERVED* 
OOOOH 
OOIAH 
0 
.*. GAP *** 
OOIAH 
0002H 
Co 
REG 
OOICH 
0008H 
ABSOLUTE 
PLMREG 
lD 
:e 
REG 
0024H 
0012H 
WORD 
PLMEX 
~ 
::+ 
STACK 
0036H 
0006H 
WORD 


...: 
~ 
*** 
GAP 
*** 
003CH 
2044H 


(Xl 
m 
CODE 
2080H 
0003H 
ABSOLUTE 
PLMEX 
Co) 
)( 
*** 
GAP 
*** 
2083H 
OOOtH 
'0 
1\1 
CODE 
2084H 
007CH 
WORD 
PLMEX 
:J 
!eo 
CODE 
2100H 
OOOAH 
BYTE 
MULT 
0 
*** 
GAP 
••• 
2tOAH 
DEF6H 
:J 
0 
0a:i"c 
(l)8 


ATTRIBUTES 
VALUE 
NAME 
---------- 


PUBLICS: 


REG 
WORD 
0024H 
IN VAL 
REG 
INTEGER 
002bH 
TABLE_LOW 
REG 
INTEGER 
002BH 
TABLE_HIGH 
REG 
INTEGER 
002AH 
TABLE_DIF 
REG 
INTEGER 
002CH 
OUT 
REG 
INTEGER 
002EH 
RESULT 


REG 
LONGINT 
0030H 
OUT_DIF 
REG 
WORD 
0034H 
TEMP 
CODE 
ENTRY 
2100H 
DMPY 
REG 
LONG 
OOICH 
PU1REG 
NULL 
NULL 
003CH 
MEMORY 
NULL 
NULL 
IFC4H 
?MEMORY _SIZE 


MODULE: 
PLI'1EX 


MODULE: 
I'1ULT 


MODULE: 
PLMREG 


SOURCE 
FILE 
F3 
PULSE 
A96 
OBJECT 
FILE 
F3 
PULSE 
OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND 
NOSB 


LINE 
1 
2 
3 


=1 
4 


=1 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 


0028 


0028 
002A 
002C 
002E 
» 
0030 
~ 
"ciii 
2080 
~ 
CD 
, 
~ 
...• 
CD 
<Xl 
III 
2080 
AIOOOl18 
111 
II) 
C 
2084 
BI0115 
..• 
2087 
BIOF03 
CD3 
CD 
208A 
442A282C 
::l 
208E 
3EI603 
- 
2091 
3716F6 


2094 
B0061C 


2097 
A00420 


209A 
391C09 


209D 
C03020 


20AO 
482E3028 


20A4 
27E4 


20A6 C02E20 


SINCLUDE(DEM096 
INC) 
Snolist 
Turn 
listing 
off 
for 
Include 
file 
End 
of 
Include 
file 


HIGH_TIME 
dsw 
LOW_TIME. 
dsw 
PERIOD: 
dsw 
HI_EDGE· 
dsw 
LO_EDGE: 
dsw 


LD 
LDB 
LDB 


wal 
t: 
ADD 
JBS 
JBC 


contin: 
LDB 


LD 


JBS 


hsi_ 
10· 
ST 
SUB 
BR 


hSl - 


hi. 
ST 


SP. 
.IOOH 
lOCO. 
.000000018 
HSI_MODE .• 000011118 


PERIOD. 
HIGH_TIME. 
LOW_TIME 
1051. 
6. 
contln 
If FIFO 
15 
full 
10Sl, 
7, 
wait 
; 
Walt 
while 
no 
pulse 
15 
entered 


BX. 
LO_EDGE 
HIGH_TIME. 
LO_EDGE. 
HI_EDGE 
walt 


20A9 
48302E2A 
88 
SUB 
LOW_TIME. 
HI_EDGE. 
LO_EDGE 
20AD 
27DB 
89 
BR 
wait 
90 
20AF 
91 
END 


ASSEMBLY 
COMPLETED. 
NO 
ERROR(S) 
FOUND. 
270061-76 
l 


?>~ 
'tl 
c:iii 
CD 
~ 
CDIII 
)0 
I\J 
lIJ 
..•. 
c: 
"1:1 
, 
~ 
I 
..•. 


CD 
N 
CD 3 
"" 
en 
CD 
CD 
:;,..0 
0;a.:;- 
c: 
CDS 


SOURCE 
FILl 
~J 
ENHSI 
A~b 
(lIlJEcC 
r ~ILf 
F3 
ENIISI DU,) 
CONlflOLS 
SPECIFIED 
IN 
INVOCAfION 
COMMAND 
NOSIl 


tiNE 
I 
2 
3 


~1 
4 


=1 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 


0028 


0028 
:a- 
002A 
in 
002C 
'" 
002E 
::J 
002F 
::J' 
0030 
III 
::J 
0032 
() 
0034 
II 
~ 
a. 
0036 
'V 
...• 
C 
2080 
<Xl ii 
--J 
II 
3: 
2080 
AIOOOl18 
II 
III 
2084 
012516 
III 
C.. 
II3 
2087 
1119903 
II 
208A 
1110715 
::J- 


2080 
717F2F 
2090 
90162F 


2093 
372FF7 


2096 
5155062E 


209A 
AOO428 


SlNCLUOElOEM096 
INCI 


.nollst 
Turn 
listing 
off 
for 
Includ@ 
fIle 


End 
of 
Include 
file 


cseg 
~t 


ini t· 
LO 


LOll 


LOll 
LOll 


TIME 
LAST_RISE 
LAST_FALL 
HSI_SO 
IOSI_BAK: 
PER 100. 
LOW_TIME· 
HIGH_TIME. 
COUNT 


set 
hsi. 
1 -; 
hsi. 
0 
+ 
Enabl~ 
h51 
0.1 
T2 
CLOCK=T2CLK. 
T2RST=T2RST 
Clear 
tlmer2 


CI~ar 
IOSI_IlAK.7 
Store 
into 
temp 
to 
aVOid 
clearing 
other 
flags 
WhlCh 
may 
be 
needed 
If 
hSl 
is 
not 
triggered 
then 


Jump 
to 
wait 


2090 
3B2E05 
BB 
JBS 
20AO 
3A2EOF 
B9 
JBS 
20A3 
20lA 
90 
BR 
91 
20A5 
4B2C2B32 
92 
a_ri 
Stt: 
SUB 
20A9 
4B2A2B30 
93 
SUB 
20AD 
A02B2A 
94 
LD 
20BO 
200B 
95 
BR 
96 
20B2 
4B2A2834 
97 
a-fall: 
SUB 
20B6 
4B2C2B30 
9B 
SUB 
20BA 
A02B2C 
99 
LD 
100 
20BD 
101 
incrl!'ment: 


20BD 
0736 
102 
INC 
20BF 
27CC 
103 
no-cnt. 
BR 
104 
20CI 
105 
END 


ASSEMBLY 
COMPLETED. 
NO 
ERRORIS) 
FOUND. 


HSI_SO. O. a_Tise 
HSI_SO. 2. a_fall 
no_cot 


LOW_TIME. 
TIME. 
LAST_FALL 
PERIOD. 
TIME. LAST_RISE 
LAST_RISE. 
TIME 
increment 


HIGH_TIME. 
TIME. 
LAST 
RISE- 


PERIOD. 
TIME. LAST_FALL 
LAST fALL. 
TIME 


SOURCE 
FILE: 
·F3:HSODRV. 
A96 
OBJECT 
FILE: 
:F3:HSODRV.OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND. 
NOSB 


~ 
j7I 


'V 
0028 
:E 
~ 
3:c 
, 
III 
0028 
...• 


CD 
3" 
002A 
<0 
CO 
002C 
- 
=r 
002E 
CD 
0030 
::ten 
2080 
0 


2080 
FA 
2081 
AI000118 
2085 
510F1500 
2089 
950FOO 


208C 
208C 
AI000122 


2090 
AI0010IC 


2094 
48221C20 


2098 
A0221C 


LINE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


=1 
12 


-1 
·60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
E 
78 
E 
79 
80 
81 
82 
83 
84 
85 
86 
87 


PUBLIC 
PUBLIC 
PUBLIC 
PUBLIC 


HSO_ON_O 
HSO_OFF_O 


HSO_ON_I 
HSO_OFF_l 
HSO 
TIME 
HSO_COMMAND 
SP 
• TIMERI 
• 
10SO 


.INCLUDEIDEM096.INC) 
.nolist 
Turn 
listing 
o'f 
for 
includ. 
file 
End 
of 
Include 
file 


HSO_ON_O: 
ds•• 
HSO_OFF_O: 
ds •• 
HSO_ON_l: 
ds•• 
HSO_OFF_I: 
ds•• 
count: 
dsb 


strt: 
DI 
LD 
SP. 
.100H 
AN DB 
OLD_STAT. 
1050. 
.OFH 
XORB 
OLD_STAT. 
.0FH 


initi 
••l: 


LD 
CX. 
.0100H 


loop: 
LD 
AX, 
.10ooH 


SUB 
BX, 
AX. 
CX 
LD 
AX. 
CX 


2098 
C0281C 
209E 
C02A20 


20Al 
08011C 
20A4 
080120 
20A7 
C02C1C 
20AA 
C02E20 


20AO 
EFOOOO 


2080 
0722 
20B2 
89000F22 
208b 
0708 


2088 
2702 
.,. 
20BA 
~ 
"ll 
ASSEMBLY 
COMPLETED. 
=::I: 
c: 
III 
5" 
~ 
(Q- 
~ 
':r 
<0 
CD 
0 
::ten0 
0 
0~ 
S' 
c: 
(!),e, 


AX. 
111 
ax. 111 
AX. 
HSO 
ON 
1 
ax, 
HSO::::OFF_l 


cx 
ex, 
1I00FOOH 
loop 


SOURCE 
FILE 
F3:HSOMOD 
A96 
OBJECT 
FILE. 
F3:HSOMOD 
OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND· 
NOSB 


~ 
!Jl 
"D 
~i: 
c: 
lIJ:; 
I\) 
lQ 
...• .• 
. 
":Z 
...• 
CD 
~ 
::I: 
CIl 
0000 
0 
'0 
0000 
0~ 
:5"c 
<D.s, 


0001 
0002 


0000 


0000 
3EOOFD 


0003 
FD 


SOURCE 
STATEMENT 
$TITLEl 
'HSOMOD 
A96: 
8096 
PWM 
PROGRAM 
MODIFIED 
FOR 
DRIVER') 
$PAGEWIDTHlI30) 


LINE 
I 
2 
3 
4 
:; 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 


NOTE: 
Us. 
this 
fil. 
to 
r.pl.c. 
th. 
d.cl.r.tion 
s.ction 
of 
th. 
HSO 
PWM 
progr.m 
from 
"$INCLUDElDEM096. 
INC)" 
through 
th. 
Iin. 
prior 
to 
th. 
l.b.l 
••••it... 
Also 
ch.ng. 
th. 
last 
branch 
in 
th~ 
program 
to 
a 
"RET". 


D_STAT: 
•• trn 
•• trn 
RatTn 
•• trn 
•• trn 


DSB 
HSO 
ON_O 
:••ord 
HSO_ON_l 
:••ord 
HSO_TIME 
:••ord 
TIMERI 
:••ord 
• 
SP 
:••ord 


1 
HSO_OFF_O 
:••ord 
HSO_OFF _I 
:••ord 
HSO_COMMAND 
:b~t. 
1050 
:b~te 


public 
OLD_STAT 
OLD_STAT: 
dsb 
NEW_STAT: 
dsb 


j 
For 
opperation 
~ith 
lnterrupts 
'store_stat 
' would 
be 
the 
entry 
point 
of 
the 
routine. 


Not. 
that 
a 01 
or PUSHF 
might 
have 
to 
be 
added 


SUURCE 
FILE 
F3 SP A96 
OBJECT 
FILE 
F3 SP OBJ 
CONTROLS 
SPECIFIED 
IN INVOCATION 
COMMAND 
NOSB 


0028 


0028 
0029 
002A 
0028 
002C 


)0- 
200C 
~ 
~ 
lC 
200C 
9C20 
,~ .. 


(l) 
~ 
2080 
c.> 
"U0 
2080 
AIOOOll8 
::I. 


2084 
812016 


LINE 
I 
2 
3 
4 
=1 
5 
=1 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 


$ INCLUDE (DEM096. INC ) 
Snolist 
Turn 
listing 
off 
for 
include 
file 
End 
of 
includ. 
file 


CHR: 
dsb 
I 
SPTEMP: 
dsb 
1 
TEMPO: 
dsb 
1 
TEMPI: 
dsb 
I 
RCV_FLAG: 
dsb 


2090 
C42807 
2093 
BI202A 


2096 
BI4008 
2099 
FB 
209A 
27FE 


209C 
209C 
F2 
2090 
2090 
001129 


20AO 
90292A 
~ 
20A3 
71b029 


;., 
20Ab 
07F5 


en 
20AB 
CD 
20A8 
3b2A09 
,i: 
20AO 
C42807 
~ 
'U 
20AE 
71BF2A 
. 
0 
20Bl 
0lFF2C 
..• ~ 
CO 
.I>- '0 
2004 
0 
2004 
302CI8 
~ 
2007 
352AI5 
5' 
200A 
B02807 
c: 
CD 
2000 
710F2A 
So 


20CO 
717F28 
20C3 
990028 
20Cb 
0705 
20C8 
BIOA28 


20CB 
2002 


20CO 
20CO 
112C 


20CF 
20CF 
F3 
2000 
FO 


2001 


ASSEMBLY 
COMPLETED. 


LOB 
EI 
loop: 
BR 


s.er _port_lnt" 


PUSHF 
rd_agaln 


LOB 
ORO 
ANOO 
JIlE 


g~ t_b ~te. 


JBC 
STB 
ANOO 
LOO 


put_b~t~· 


JBC 
JBC 
LOB 
ANOO 


ANOB 
CMPB 
JNE 
LOB 
BR 


continu.: 


POPF 
RET 


SPTEMP. 
SPSTAT 


TEMPO. 
SPTEMP 
SPTEMP ••OIIOOOOOO 
rd_agaln 


TEMPO. 
b. 
put_b~te 
SOUF. 
CHR 
TEMPO •• 
10111111B 
RCV_FLAG. 
.OFFH 


ReV_FLAG, 
0, 
continue 
TEI'1PO. :5, 
cant inue 
SBUF. 
CHR 
TEMPO •• 
1I011l11B 


CHR •• 011111110 
CHR ••OOH 
'cIT_rev 
CHR. 
.OAH 
continu. 


This 
se~tlon 
of 
code 
can 
be 
replaced 
WIth 
·ORB 
TEMPO. 
SP_STAT" 
when 
the 
serial 
port 
TI 
and 
RI 
bugs 
aTP 
fixed 


If 
RI-temp 
IS 
not 
set 


Store 
byte 
CLR 
RI-temp 
Set 
bit-received 
flag 


If r.ceive 
flag 
is 
cleared 
If 
TI 
was 
not 
set 


Send 
b~te 
CLR 
TI-temp 


SOURCE 
FILE: 
F3:ATOD 
~96 
OBJECT 
FILE: 
F3:ATOD 
OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND. 
NOSB 


LINE 
I 
2 
3 
;1 
4 


;1 
'2 
'3 
54 
5' 
56 
'7 
'8 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
8' 
86 


0028 


0020 
OOIE 


0028 
0028 
:.- 
002A 
~ 
002C 
:.- 
002E 
.. 
~ 
0 
~ 
C 
2080 
to 
0 
01 
0::J< 
2080 
AIOOOl18 
CD~ 
2084 
0120 


CD.. 
2086 
55082002 


208A 
FD 
208B 
FD 
208C 
3B02FD 


208F 
B0021C 
2092 
B0031D 


209' 542020lE 
2099 
ACIEIE 


209C 
C31E281C 


20AO 
1720 


SINCLUDEIDEM096.INCl 
$nolist 
Turn 
listing 
off 
for 
include 
file 
End 
of 
include 
file 


RESULT _TABLE: 


RESULT 
I: 


RESULT_2: 
RESULT_3: 
RESULT_4: 


NOP 
NOP 
check: 
JBS 


AooB 
LoBZE 
ST 


oL. 
BL. 
BL 
OX. oL 
AX. 
RESULT_TABLE[oXl 


inter 


~ 
0• 
.•. 
j 
N• 
'" 
C 


'"Cl 
Cl 
Z 
II: 
Z 
<[ 
lD 
lIJ 


c:i 
Z:::lc 
~1ll8i~;;: 
LI. 


(II 


II:C 
II: 
II: 
lIJ 


Cz 


Q 
lIJ... 


0 
lIJ 
C'Il 
.J 
l'l 
lS 
§ 
0~ 
"- 
"- 
C'Il 
U 
N 
n 
"- 
> 
<[ 
<[ 
<[ 
.J 
0 
0 
0 
lD 
N 
C'Il 
N 
J: 
UJ 
"' 
(II 
<[ 


A.S. A to 0 Converter 
(Continued) 


21·196 


SOURCE FILE: :F3:A2DHSO.A96 
OB~ECT FILE: :F3:A2DHSO.OB~ 
CONTROLS SPECIFIED IN INVOCATION COMMAND: NOSB 


LINE 
1 
2 
3 
4 
:; 
6 
7 
8 
9 
10 
=1 
11 
=1 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 


0028 


00lE 


~ 
0028 


...• 
0028 
<0 
002A 
-oJ 
002C 
002E 


0030 
0030 
0032 
0034 
0036 


0038 
003A 
003C 
003E 
0040 
0044 
0046 
0048 
004A 


.INCLUDE(DEM096.INCl 
.nolist 
Turn 
listing 
off 
for 
includ. 
fiI. 
End 
of 
includ. 
fiI. 


ON TIME: 


- 
PWM_TIME 1: 
DSW 
HSO_ON_O: 
DSW 
HSO_ON_l: 
DSW 
HSO_ON_2: 
DSW 


RESULT_TABLE: 


RESULT_0: 
DSW 
RESULT_1: 
DSW 
RESULT_2: 
DSW 
RESULT_3: 
DSW 


NXT_ON_T: 
NXT_OFF_0: 
NXT_OFF_1: 
NXT_OFF_2: 
COUNT: 
AD_NUI1: 
TMP: 
HSO]ER: 
LAST_LOAD: 


:I: 
(J)o 


:J>zo 


:J> 
-Ioo 
c::J> 
z"'O 
0"'0 
mm 
:ElZo 
z>< 
rTtm 
:EI 
:EIc: 


"'0-I 
oo 
Z-I 
:EIo 
•••• 


2000 
8020 
2002 
1021 
2004 
8020 
2006 
CC20 


2080 
AIOOOl18 
2084 
OIIC 


2086 
051C 
2088 
07FC 


208C 
AI800028 
2090 
AIOOOl48 
2094 
AI40002A 


2098 
AI80002C 
209C 
AIC0002E 


20A5 
013606 
20A8 
A03804 
20AB 
FO 
20AC 
FO 


20AO 
012206 
2000 
643804 


2003 
91074A 
2006 
010A08 
20B9 
010A09 
20BC 
FB 


2000 
91010F 
20CO 
65010040 


20C4 
A40042 


20C7 
71FEOF 


20CA 
27FI 


87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 


100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
,118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 


st~rt 
Atod_done 
int 
lIt.rt 
HSO_P.lec_int 


ORB 
ADD 
AOOC 
ANOB 
8R 


SP. 
1I100H 
AX 
AX 
wait 


PWM_TIME_l. 
1I080H 
HSO_PER. 
1I100H 
HSO_ON_O. 
1I040H 
HSO_ON_l. 
1I080H 
HSO_ON_2. 
1I0COH 


LAST_LOAD. 
11000001118 
INT_MASK. 
11000010108 
INT_PENDING. 
11000010108 


Portl. 
11000000018 
COUNT. 
1101 
COUNT+2. 
uro 


Port!. 
11111111108 
loop 


L.st 
loaded 
v.lue w." set 
.11 
pins 


j 
En.ble 
HSO 
and 
AID 
interrupts 
F.ke 
.n 
AID 
and 
HSO 
interrupt 


20CC 
20CC 
F2 
20CO 
91020F 


2000 
48380A46 
2004 
880046 
2007 
OEI9 


2009 
2009 
644838 
200C 
013606 
200F 
A03804 
20E2 
FO 
20E3 
FO 
20E4 
012206 
20E7 
A03804 


20F:i 442A383A 
20F9011006 
20FC 
A03A04 


20FF 
FO 
2100 
442C383C 
2104 
BIII06 
2107 
A03C04 


210A 
FO 
210B 
442E383E 


210F 
BI1206 
2112 
A03E04 


HSO_el{ec 
lot 
PUSHF 
ORO 


SUB 
TMP.TIMERI. 
NXT_ON_T 
CMP 
TMP. ZERO 
JLT 
set_off 
times 


set_on_t 
imes: 
ADD 
LOB 
LO 
NOP 
NOP 
LOB 
LO 


NXT 
ON 
T. HSO_PER 
HSO_COMMANO •• 00110110B 
HSO_T1ME. 
NXT _ON_T 


ADD 
NXT_OFF_O. 
NXT_ON_T. 
HSO_ON 
0 
LOB 
HSO_COMMAND •• 00010000B 
Set 
HSO 
fOT 
timeTI. 
cleaT 
pln 
0 
LO 
HSO_TIME. 
NXT_OFF_O 


NOP 
ADD 
NXT_OFF_l. 
NXT_ON_T. 
HSO_ON_1 
LOB 
HSO_COMMAND •• 00010001B 
Set 
HSO 
fOT 
timeTI. 
cleaT 
pin 
1 


LO 
HSO_TIME. 
NXT_OFF_l 


NOP 
ADD 
NXT_OFF_2. 
NXT_ON_T. 
HSO_ON_2 


LOB 
HSO_COMMAND •• 00010010B 
i 
Set 
HSO 
fOT 
tlmeTI. 
cleaT 
pin 
2 
LO 
HSO_TIME. 
NXT_OFF_2 


211D 
211D 
F2 
211E 
91040F 


2121 
51C0021C 
2125 
B0031D 
2128 
5444441E 
212C 
ACIEIE 
212F 
C31E30lC 


2133 
9940lC 
2136 
Dl07 


2138 
99FFID 
213B 
DF02 
~ 
213D 
171D 


N 
213F 
BOIDIC 
0 
2142 
II1D 
0 
2144 
C31E281C 


2148 
1744 
214A 
710344 


214D 
55084402 


2151 
71FBOF 
2154 
F3 
2155 
FO 


2156 


ASSEMBLY 
COMPLETED. 


ATOo_done_int: 


PUSHF 
ORB 
Portl •• 00000100B 


ANDB 
LOB 
AooB 
LDBZE 
ST 


CMPB 
JNH 
CMPB 
JE 
INCB 


no_rnd: 
LOB 
CLRB 
ST 


ANDB 
POPF 
RET 


AL. 
AD_RESULT_LO 
•• II000000B 
Load 
low 
order 
result 


AH. 
AD_RESULT_HI 
Load 
high 
order 
result 
DL. 
AD_NUM. 
Ao_NUM 
oL= 
AD_NUM 
*2 


OX. oL 
AX. 
RESULT_TABLE[oXJ 
,Store 
result 
ind,ued 
b~ 
DX 


AL. 
.01000000B 
no_rnd 
; 
Round 
up 
if 
needed 
AH ••OFFH 
, Don·t 
increment 
if AH=OFFH 
no_rnd 
AH 


AL. 
AH 
, Align 
b~te 
and 
change 
to word 
AH 
AX. 
ON_TIME[DXJ 


AD 
COMMAND. 
AD_NUM •• 
1000B 
,Start 
conversion 
on 
channel 


, 
indicated 
b~ 
Ao_NUM 
register 


Portl •• 
ll1l1011B 
, Clear 
PI. 2 


SOURCE 
FILE. 
F3.SWPORT.A96 
ODJECT 
FILE .. F3.SWPORT 
ODJ 
CONTROLS 
SPECIFIED 
IN INVOCATION 
COMMAND: 
NOSD 


LINE 
I 
2 
3 
4 
:l 
6 
7 


=1 
8 
=1 
:l6 
:l7 
:l8 
:l9 
bO 
61 
b2 
b3 
b4 
b:l 
lob 
b7 
b8 
69 
70 
71 
72 
73 
74 
7:l 
7b 
77 
78 
79 
80 
81 
82 
83 
84 
8:l 
8b 
87 


0000 


0000 
0001 
0001 
I\) 
0002 
~ 
0004 
N 
0 
0002 
~ 
0003 
0004 


OOOb 


0008 


OOOA 


OOOC 


003' 
001' 
0018 


This 
module 
provides. 
software 
implemented 
a5~nchronous 
serial 
po~t 
'or 
th~ 
8096. 
HSO. ~ 
15 
used 
for 
tran5~lt 
data 
HSI.2 
1s 
used 
for 
TeeIPtv. 
data. 
Note: 
the 
choice 
of 
HSO.' 
and 
HSI. 
2 
is 
arbitrarlJ). 


.INCLUDEIDEM096. 
INC> 


Snoltst 
Turn 
listing 
off 
for 
include 
file 
End 
of 
include 
file 


rse, 


10s1 .. v. 
d5b I 
rcv. 
st.t.: 
d5b I 
r.rd~ 
equ 
I 


r.overrun 
equ 2 
rip 
equ 
4 
reve_bu': 
d5b 
I 
revIP_reg: 
d5b 
I 
sample_time: 
d5•• I 


seriAl -out: 
d5•• 


baud_ count: 
d5•• 


t.d-time-: 
d••• 


char: 
d.b 


indicates 
receive 
done 
indicates 
receive 
overflow 


j 
receive 
in 
progress 
flag 
used 
to 
double 
buffer 
receive 
data 
used 
to 
deserialize 
receive 
records 
last 
receive 
s•• ple 
time 


Holds 
the 
output 
character+framlng 
(start 
and 
stop 
bits) 
for 
transmit 
process. 


Holds 
th. 
p.riod 
of 
one 
bit 
in 
units 
of 
Tl 
tick 
•. 


Transition 
time 
of 
last 
Txd 
bit 
that 
was 
sent 
to 
the 
CAM 
for 
test 
only 


mark_command 
equ 
space_command 
equ 
sampl __ command 
.qu 


OllOIOlb 
001010lb 
OOllOOOb 


timer" 
set. interrupt 
on 
:5 


timer!. 
clr. interrupt 
on 
5 


soft~are 
timer 
0 


2080 
FA 
2081 
AIFOOOl8 
2085 
C9COl2 
2088 
EFOOOO 
208B 
Bl6C08 
208E 
FB 


0000 
208F 
B1000C 
2092 
2092 
ACOCIC 
~ 
2095 
C81C 
N 
2097 
EF3000 
0 
I\J 
209A 
99000C 
2090 
0706 
209F 
OIlC 
20Al 
20AI 
071C 
20A3 
07FC 
20A5 


20A5 
170C 
20A7 
20A7 
EF4400 
20AA 
98001C 
20AD 
OFE3 
20AF 
EF4COO 
20B2 
DOICOC 
20B5 
270B 


reset 
lac: 


The-a096 
starts 
executing 
h~re 
on 
reset, 
the 
program 
will 
Initialize 
the 
the 
software 
serial 
port 
and 
run 
a 
simple 
test 
to 
excereile 
it 


d i 
Id 
push 
call 
Idb 
ei 


sp.1I0fOh 
114600 
setup_,erial-port 
int_mask.1I01101100b 


testl: 


A 
simple 
test 
of 
the 
serial 
port 
routines. 


While 
no 
characters 
are 
received 
an 
lncrementing 
pattern 
is 
sent 
to 
the 
serial 
output. 
When 
a 
character 
is 
received 
the 
incrementing 
pat~ern 
~ 
"Jumps" 
to 
the 
character 
receved 
and 
proceeds 
from 
there. 


CR 
e'l.u 
OOH 
Idb 
chal'.IICR 
testlloop: 


Idb •• 
ai, char 
push 
ax 
call 
char -out 


cmpb 
chal'.IICR 
bne 
nopause 
ell' 
ax 
pause: 
ine 
ax 
bne 
pause 
nopause: 


incb 
char 
test2: 
call 
csts 
cmpb 
at. 0 
be 
test IIoop 
call 
char 
In 
ldb 
char,aI 
bl' 
testlloop 
.eJe< t 


132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
14:l 
146 
147 
148 
149 
1:l0 
l:ll 
1:l2 
153 
154 
1:l5 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 


pop 
pop 
Id 
Id 
divu 
st 
st 
Idb 
bbs 


••dd 
Idb 
Id 
clrb 
clrb 
clrb 
c •• l1 
br 


cle~r 
serial 
out 


En.ble 
HSO.5 
.nd 
W.it 
for 
room 
in 
and 
iS5ue 
• 
MARK 
tld_time. 
timer!' 
20 
hso_command,.mark_command 
hso_time. 
t.d_time 
reve_buf 
; 
clear 
out 
the 
receive 
variables 


rcve_reg 
reve_stoite 
toil_receive 
[el] 


CI 
bI 
d ••• 0007h 
•••• OAI20h 
.x. 
b II 
a., baud_count 
o. serial_out 
ioc I••OIlOOOOOb 
ioso,6,. 


the 
return 
address 
the 
baud 
rate 
<In 
deCimal) 
dx:ax:=500,OOO 
(assumes 
12 
Mhz 
cr~stal) 


T.d 
the 
HSO 
CAr'l 
cD_and. 


CI 
b. 
Ib•• I) .•Olh 
b •• b. 


serial_out,O 
wat t_for 
_Iml t 
b •• serial_out 
[c 11 


••• 
reve_state, 
0, csts._elit 


•• 


.eJect 
•char _out 
Output 
character 
to 
the 
50ftwar~ 
serIal 
port 


the 
return 
address 
the 
character 
for 
output 
add 
the 
start 
and 
stop 
bits 
to 
the 
char 
and 
leave 
as 
16 
b1t 


wait 
for 
serial_out=Q 
(it 
will 
be 
cleared 
b~ 
the 
hSD 
interrupt 
process) 
put 
the 
for.att~d 
charact.r 
in 
5erial_out 
return 
to 
caller 


pop 
pop 
ldb 
.dd 
walt_for_xmlt: 


cmp 
bne 
st 
br 


clr 
bbc 
inc 


cSt5 
exit: 


- 
ret 


004C 
3001FD 


004F 
F2 
00'0 
71FEOI 
0053 
AC021C 
00:;6 F3 
00:;7 FO 


00:;8 
00:;8 F2 
0059 
64080A 
OO:;C 880006 
OO:;F DFOD 
0061 
080106 
0064 
D008 
0066 
0066 
011'06 
0069 
AOOA04 
006C 
2006 
006E 
006E 
013:;06 
0071 
AOOA04 


0074 
0074 
F3 
007:; FO 


0076 
BIOOI' 
0079 
012003 
007C 
007C 
901600 
007F 
37000B 
0082 
B0061C 


008:; A0041C 


181 
IS2 
183 
184 
18' 
186 
187 
188 
189 
190 
191 
192 
193 
194 
19' 
196 
197 
198 
199 
200 
201 
202 
203 
204 
20' 
206 
207 
208 
209 
210 
211 
212 
213 
214 
21' 
216 
217 
218 
219 
220 
221 
222 
223 
224 
22' 
226 
227 
228 
229 
230 


bbc 
pushf 
.ndb 
Idb •• 
popf 
•.•t 


j 
watt 
for 
character 
r•• d~ 
rcvl'_stat.,O,char_tn 
i 
set 
up 
• 
critical 
region 
rcvl'_stat 
••• notCrlrdv) 
.1. ••cv"_buf 


hso 
iST: 


Fields 
the 
hso 
interrupts 
and 
performs 
the 
serialization 
of 
the 
data. 


Not.: 
t~ls 
routine 
would 
be 
Incorporated 
into 
the 
hSD 
service 
str.t.g~ 


for 
an 
actual 
system. 


c •• g 
pushf 
.dd 
cmp 
b. 
sh •• 
be 
send_space: 


Idb 
Id 
b •• 


send_mark: 


Idb 
Id 


hso_ls 
•• "lit: 


-popf 
•••t 


tld 
time, baUd_count 


serial 
out.O 
if 


.end_mark 
s.rial 
out,.! 


send_IRark 


hso_command,.space_command 
hID_time. 
tld_time 
hID_tsT_exit 


iOlt 
receive: 


Called 
to prepare 
the 
serial 
input 
process 
to 
find 
the 
leading 
edge 
of 
a st ••. t 
bit. 


Idb 
Idb 


f 1uSh_f Ifo: 


o•.b 
bbe 
Idb 
Id 


tosl_save, 
iosl 
iosl 
save, 7, flush_fifo_don. 
al, hsi_status 
al. hsi_titnl! 
; 
trash 
the 
fifo 
I!ntry 


0088 
717FOO 
008B 
27EF 
0080 
0080 
81101:; 
0090 
FO 


0091 
0091 
F2 
0092 
C81C 
0094 
80061C 
0097 
A00404 
009A 
341CI:; 
0090 
3FI:;FO 
OOAO 
A0081C 
00A3 
0801lC 
00A6 
641C04 
00A9 
811806 
OOAC 
C00404 
OOAF 
81001:; 
0082 
0082 
CCIC 
0084 
F3 
008:; FO 


0086 
00116 F2 
00117 901600 
OOIlA 71FEOO 
00110 :;IFCOIOO 
OOCI 
070C 


231 
232 
233 
234 
23:; 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
2:10 
251 
252 
253 
2:14 
2:;:; 
256 
2:17 
2:;8 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 


andb 
iosl 
save •• notC80h) 
br 
flush_fifo 
flush_fifo 
done: 


Idb 
10cO ••00010000b 
ret 


hsi 
iST: 


Fields 
Interrupts 
froM 
the 
HSI 
unit. 
u5ed 
to 
detect 
the 
leading 
edge 
of 
the 
START 
bit 
Not.: 
this 
routine 
would 
be 
incorporat~d 
into 
the 
HSI 
strateg~ 
of 
an 
actual 
S'lstefft. 


ax 
al,hsi 
5t~tuS 
sample_time.hsi_time 
al,4,exit_hsi 
1050.7.$ 
ax. baud_count 
ax, .1 
sample_tim 
•• al 
hso_com~.nd,.5ample_command 
sample_time,hso_time 
10cO •• 00000000b 


~ait 
for 
rOOM 
in 
HSO 
holding 
reg 
send 
out 
sa.ple 
command 
in 
1/2 
bit 
time 


software 
timer 
1ST 
Fields 
the 
software 
tlmer 
interrupt. 
used 
to 
deserialize 
the 
tocemming 
data 
Note 
thls' routine 
would 
be 
incorpoTdted 
into 
the 
software 
timer 
5tateg~ 
in 
an 
actual 
5~5tem. 


eseg 
pU5hf 
orb 
andb 
andb 
bne 


jost_save. 
iosl 
iosl 
save,.not<Olh) 
0.rcve_5tate 
••Ofch 
process_data 


SOURCE 
FILE. 
F3:MOTCON.A96 
OBJECT 
FILE 
:F3: MOTCOI~ OBJ 
CONTROLS 
SPECIFIED 
IN INVOCATION 
COMMAND. 
NOSB 


LINE 
I 
2 
3 
4 
:I 
6 
7 
=1 
8 


=1 
:16 
:17 
:18 
:19 
60 
61 
62 
63 
64 
6:1 
66 
67 
68 
69 
70 
71 
72 
73 
74 
7:1 
76 
77 
78 
79 
BO 
BI 
82 
83 
84 
8:1 


OOIE 


003C 


0069 


I\)...• 


'"0 
006E 
-.,j 


OOFA 
OOFA 
OOFF 
OOFF 
0080 
0480 
0064 
0010 


0024 


0024 
0028 


$INCLUDE (DEM096. INC) 
$no11st 
Turn 
listing 
off 
for 
include 
file 
End 
of 
include 
file 


swtl_dl~-p.riod 
equ 
Iwt2_dl~-p.riod 
equ 
m.r-power 
equ 
mal_brake 
equ 
maximum_hold 
equ 
brak8-pnt 
equ 
position-pnt 
equ 
v.loclt~-pnt 
.qu 


2:10 
2:10 
Offh 
Offh 
080H 
1200 
100 
16 


_. 


002C 
86 
tmr2_old 
dsl 
I 
I 
I cf 
0030 
87 
positIon. 
dsl 
1 
0034 
88 
des_pas 
dsl 
I 
0038 
89 
pas_err 
dsl 
003C 
90 
deltaJ 
dsl 
0040 
91 
tIme. 
dsl 
0044 
92 
des 
tIme' 
d.1 
0048 
93 
time_err 
d.l 
94 
95 
.EJECT 
96 
004C 
97 
last 
_time 
_err 
ds••• 
004E 
98 
las t_pos_err. 
ds••• 
0050 
99 
pas_delta 
ds••• 


0052 
100 
tlme_deltil 
ds••• 
0054 
101 
l.ist_pas 
ds••• 
0056 
102 
last 1_time. 
ds••• 
0058 
. 
103 
last2_time. 
ds••• 
005A 
104 
boost 
ds••• 


005C 
105 
tmpl 
ds••• 
005E 
106 
Qut_ptr 
ds••• 


0060 
107 
offset. 
d•••• 


0062 
108 
nxt_p'os. 
ds••• 
0064 
109 
"pwr. 
ds••• 
~ 
~ 
I 


0066 
110 
old-t2 
dsw 
1 
~ 
r\> 
III 
• 
0068 
112 
d ireoc t: 
dsb 
1 
l=forward. 
O=reverse 
N 
0 
.a. 
<Xl 
0069 
113 
pwrn_d ir' 
d.b 
1 
CD 
006A 
114 
hsi 
50: 
dsb 
006B 
115 
last_stat: 
dsb 
006C 
116 
p",m_pwr: 
dsb 
0060 
117 
ios! 
bak: 
dsb 
006E 
118 
TR_COL. 
OSB 
1 
; 
COLLECT 
TRACE 
IF TR_COL~OO 
006F 
119 
main_dllJ: 
dsb 
120 
0070 
121 
mal.Jwr: 
d•••• 
0072 
122 
mal-brk: 
d•••• 
0074 
123 
mal 
hold: 
ds•• 
0076 
124 
vel _pnt: 
ds•• 
0078 
125 
brk_pnt: 
d••• 
007A 
126 
po._pnt: 
ds•• 


007C 
127 
HSOO_dl~: 
d••• 
007E 
128 
•••tl_dl~: 
ds•• 
0080 
129 
s••t2_d I~: 
d••• 


0082 
130 
mi"_hsi: 
ds•• 


0084 
131 
min_hstl: 
d•••• 
0086 
132 
max_ h S 11: 
ds•• 
133 
134 
0100 
135 
d••g at 
100H 


270061-98 


20AO 
71FCOF 
20A3 
819903 
20A6 
01:1715 


20A9 
A00400 
20AC 
0140 
20AE 
0142 


2080 
0128 
2082 
012A 
2084 
0130 
2086 
0132 
2088 
0154 
200A 
0134 
200C 
0136 
208E 
0144 
20CO 
0146 
20C2 
AOOA:l6 
20C:I 490008:1658 
20CA 
116D 
20CC 
1109 
20CE 
AIFOOl5E 
20D2 
AI3C0082 
20D6 
AI1E0084 
20DA 
AI690086 
20DE 
AI6E007C 


20E2 
AIFA007E 
20E6 
AIFA0080 
20EA 
AIFF0070 
20EE 
AIFF0072 
20F2 
AI800074 


20F6 
AI000478 
20FA 
AI64007A 


20FE 
AII00076 


2102 
AI002962 


2106 
00006C 


2109 
010169 


210C 
812D08 
210F 
813006 
2112 
447COA04 
2116 
FD 
2117 
FD 
2118 
813906 
2118 
447EOA04 


186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
21:1 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
~31 
232 
233 
234 
23:1 


Id 
clr 
clr 
clr 
clr 
clr 
clr 
clr 
clr 
clr 
clr 
clr 
Id 
sub 
clrb 
clrb 
Id 
ld 
Id 
ld 
Id 
ld 
Id 
Id 
Id 
ld 
Id 
ld 
ld 
ld 
Idb 
Idb 


Disabl. 
HSO. 4.HSO. :I. HSI 
INT=flrst. 
Enable 
PWM. TXD. TIMER1_0VRFLOW_INT 


andb 
ldb 
ldb 


Portl •• lllllI00B 
HSI_~ode.'IOOIIOOIB 
IOCO ••OI0I011IB 


cl •• r Pl. 0, 1 (set 
mode 0) 
set 
hsi. 
1,3 
-; 
hsi. 
0.2 
+ 
Enabl. 
all 
hsl 
T2 
CLOCK-T2CLK. 
T2RST=T2RST 
Clear 
ttme1"'2 


zero. 
hSl 
time 
time 
t Ime+2 
timer_2 
timer _2+2 
position 
position+&! 
hst.JlOS 
des_pas 
des_pas+2 
des_time 
des 
time+2 
lastl_tlm •• Tlmerl 
last2_tim •• lastl_time.'800H 
iosl_bak 
int_pending 
out_ptr •• IFOH 
mln_hsl 
•• mtn_hsi 
t 
~ln_hsl1"mln_hsll 
t 
m.x_hs11,.max_hstl_t 
HSOO_dl~.'HSOO_dl~_perlod 
swtl_dl~"swtl_dl~.Jleriod 
swt2_dl~"(swt2_dl~.Jleriod' 
m.x-pwr"m.l-power 
m.x_brk,lm.x_brake 
max_hold"maximum_hold 
brk.Jlnt•• brake.Jlnt 
POs.Jlnt"position.Jlnt 
vel-pnt,.v.locit~-pnt 
nxt.Jlos"pos_table 
P"''''-II''''', 
zero 
pwm_dir ••Olh 
FORWARD 


int_mask ••0010Il0IB 
hso 
command,'30H 
hso_tim •• tlm.rl.HSOO_dl~ 


21 IF FO 
.2120 FO 
2121 
BI3A06 
2124 
44800A04 


2128 
AOOA40 
212B 
AOOC2C 
212E 
FB 


212F 
E7CE06 


2200 


2200 
2200 F2 


~ 
2201 
901660 
2204 356005 
~ 
2207 
0742 
~ 
2209 
710F60 
220C 
220C F3 
2200 FO 


2220 


2220 
2220 F2 
2221 
901660 
2224 
2224 
306003 


2227 
71FE60 


222A 
222A 
316006 
2220 
71F060 


orb 
chk 
tl 
Jbc 
lnc 
andb 
tmr _lnt_done 
popf 
ret 


los1_ball,1051 
iosl_bak,~, 
tmr 
Jnt_done 
tlmet2 
losl_bak 
.• 
l1011111B 
. 
clear 
bit 
5 


soft_tmr 
_int 
pushf 
orb 
chk_swtO: 


Jbc 
andb 
call 
chll_5wtl 
Jbc 
.ndb 


losl_bak.O.chk 
swtl 


los1_b.k 
•• llllIIIOB 


5wtO_expired 


2230 
EFC003 
2233 
2233 
326006 
2236 
71F060 
2239 
EF4401 
223C 
223C 
346003 
223F 
71F760 


2242 
2242 
F3 
2243 FO 


2280 


I\) 
2280 
~ 
~ 
2280 
F2 


I\) 
2281 
813006 
2284 
447COA04 


2288 
91200F 
2288 
AOOC28 
228E 
390FI6 


2291 
2291 
466626'C 
229' 
890200" 
2299 
094C 
2298 
2298 
300F49 
229E 
71FCOF 
22AI 
815515 


22A4 
800068 


22A7 
203E 


22A9 
22A9 
482C283C 
22AO 
A0282C 


2280 
306606 


cal1 
chk_" ••t2: 


Jbc 
andb 
cal1 
chk_" ••t3: 


Jbc 
andb 
cal1 


s..•.. 
t_int_don.: 


popf 
re~ 


iosl_b 
•• ,2,chk 
s~t3 
losl_ba ••• 111110118 
i 
Clear 
bit 
2 
s••t2_uplred 


los1_bak.4.swt 
tnt_done 
losl_ba ••• 111101118 
i 
Clear 
bit 
3 
s\IIIt3_ •• pirttd 


portl ••OOI000008 
Tlmer_2.TII1ER2 
Portl, 1, in_mode2 


PUSHF 
ldb 
add 


in_model: 


lub 


ClOp 
Jh 


set_modeO: 


Jbc 
andb 
ldb 
ldb 
br 


in_mode2: 


sub 
ld 


tmpl.Tlmer_2.old_t2 
tmpl ••2 
end_s ••tO 


Portl.0. 
end 
s••tO 
Portl •• lllII1008 
IOCO ••Ol010101B 
l.st_st.t, 
zero 


end_" ••tO 


If alread~ 
In mode 
0 


i 
Clear 
PI. O. 
PI. 1 
(set 
mode 
01 
enab Ie al1 
HSI 


22B3 
b43C30 
0!2Bb A40032 
22B9 
2001. 


22BB 
b83C30 
22BE 
AB0032 


22CI 
22CI 
4Bbb28:1C 
22C:I B90:l005C 
22C9 
021C 


22CB 
22CB 
71FOOF 


22CE 
91010F 
2201 
BI0515 
2204 
A00400 
2207 
4BB40A5b 


220B 
220B 
A00400 
20!0E 717FbO 
~ 
22EI 
9011.1.0 
~ 


22E4 
3FbOF4 


Co) 
0!2E7 
22E7 
A028bb 
22EA 
710FOF 
22EO 
F3 
22EE 
FO 


2380 
2380 
F2 


2381 
BI3AOb 


2384 
44800A04 


2388 
91040F 
238B 
89FF075E 
238F 
0104 
2391 
AIFOOl5E 


331. 
337 
33B 
339 
340 
341 
342 
343 
344 
34:1 
341. 
347 
34B 
349 
350 
351 
352 
353 
354 
355 
356 
357 
35B 
359 
360 
361 
362 
363 
364 
31.:1 
31.1. 
367 
3bB 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
38:1 


in_fwd: 
.dd 
.ddc 
br 


chk_mod.: 


sub 
ClOp 
Jg t 


~.t_mod.l 
: 


••ndb 
orb 
Idb 
Id 
sub 


1 d 
andb 
orb 
Jb s 


end_swtO: 


Id 
andb 
POPF 
ret 


positlon.delt 
••_p 
position+2, 
zero 
chk_mod. 


tmpl.Tlm.r_2.old_t2 
tmpl •• :1 
end_swtO 


Check 
count 
difference 
in 
tmpl 
set 
mod.l 
if 
count 
is 
too 
low 
count 
<= 
:) 


Portl •• IIIIIIOID 
Cle ••r PI. I. 
set 
PI.O 
(set 
mode 
II 
Portl ••OOOOOOOIB 
IOCO ••OOOOOIOIB 
.n ••bl. 
HSI 
0 
and 
I 
•••ro. 
HSI_TIME 
Iastl_time,Timerl,min 
hsil 


; 
set 
up 
so 
<tlme-l.st2_time»mio_Rsil 
on 
next 
HSI 


ZERO. 
HSI_TIME 
iosl_b ••k••OIIIIIIID 
iosl_bak. 
i051 
iosl_b.k.7,clr_hsl 


portl ••OOOOOlOOB 
s.t 
port 
1.2 
outJltr ••7ffH 
pulsing 
outJltr •• IfOH 


.wt2_w.pired: 


pushf 
Idb 
.dd 


386 
239' 
387 
239:; 306EOC 
388 
389 
2398 
C25F32 
390 
239B 
C25F30 
391 
392 
239E 
C2:;F68 
393 
23Al 
C2:;F6C 
394 
39' 
396 
397 


23A4 
398 
23A4 
48:;60A'C 
399 
23A8 
890018'C 
400 
23AC 
0104 
401 
402 
23AE 
6'0010'6 
403 
2302 
404 
2302 
71FOOF 
40' 
23B' 
F3 
406 
23B6 
FO 
407 
408 
~ 
409 
410 
~ 
411 
412 
-Ilo- 


413 
414 
41:; 
416 
2400 
417 
2400 
20CE 
418 
2402 
20C7 
419 
420 
2404 
F2 
421 
240' 
91400F 
422 
2408 
717F60 
423 
2400 
901660 
424 
240E 
3760Fl 
425 
426 
2411 
427 
2411 
AOOC28 
428 
2414 
:;1':;066A 
429 
2418 
A00440 
430 
431 


241B 
380FE2 
432 
433 
241E 
434 
241E 
386AOB 
43' 


swt2_don.: 


sub 
cmp 
Jnh 


add 
swt2_ret: 


.ndb 
popf 
r.t 


tmpl. tlm.rl. la.tl_tlm. 
tmpl •• 1800H 
s~t2_r.t 
k•• p 
(Tlm.rl-la.tl_tim.l<2000H 


CSEG 
AT 
2400H 
now_made_I: 
br 
nO_intt: 
br 


hsi_data 
int: 


orb 
andb 
orb 
Jb c 


get_values: 


Id 
andb 
Id 


pushf 
portl ••OlOOOOOOB 
iosl_bak ••Ol11IllIB 
iosl_bak. 
iosl 
iosl_bak, 
7, no_inti 


tim.r_2.TII'IER2 
hsi_sO.HSI_STATUS 
••OIOlOIOIB 
ti•••• HSI_TII'IE 


_. 


2421 
3A6A2C 
436 
Jbs 
hsl-sO.2.a_'all 
I Il 


2424 
3C6A40 
437 
Jbs 
hsl-sO. 4, b_T"ise 
2427 
3E6A5A 
438 
Jbs 
hsl 
sO.6.b -'all 
242A 
2094 
439 
br 
no_cot 
440 
242C 
A05658 
441 
a_"i".: 
ld 
1.st2_tt", 
•. 1t1stl-time 
242F 
A04056 
442 
ld 
last1 
tlm".tlm" 
2432 
685840 
443 
sub 
time, 
last2_time 
2435 
888240 
444 
cmp 
tillle,mto_h.l 
2438 
0906 
44:1 
Jh 
tst_statr 
446 
;set 
Model- 
243A 
91010F 
447 
orb 
Portl ••000000018 
, 
S"tPI.O 
(in 
mode 
1) 
2430 
810515 
448 
ldb 
10CO ••000001018 
, Enable 
HSI 
0 and 
I 
2440 
449 
tst_statr: 
2440 
3E6858 
450 
Jbs 
last_stat,6.goinO_fwd 


2443 
3C6867 
451 
Jbs 
last_stat. 
4. going_rev 
2446 
3A6850 
452 
Jbs 
last_stat, 
2, change_dir 
2449 
980068 
453 
cmpb 
last 
stat. 
zero 
244C 
OF46 
454 
Je 
first_time 
, 
'Irst 
t 111\. 
in 
modeD 
244E 
2782 
455 
br 
no-inti 


456 
2450 
A05658 
457 
a_'all. 
ld 
last2_time.lastl 
_time 


2453 
A04056 
458 
Id 
lastl_ t.me, 
time 


2456 
685840 
459 
sub 
time.lt1st2_time 
):0 
~ 
I 


2459 
888240 
460 
cmp 
time, 
min_hsi 
"U 
N 
245C 
0906 
461 
Jh 
tst_stat' 
• 
I\) 
~ 
462 
i set 
model- 
~ 
01 
245E 
91010F 
463 
orb 
Portl ••000000018 
Set 
PI 
0 
(in 
mode 
I) 
ClO 
2461 
810515 
464 
Idb 
IOCO ••00000IOI8 
Enable 
HSI 
0 
and 
I 
465 
.EJECT 
2464 
466 
tst-statf. 


2464 
3C6837 
467 
Jbs 
last 
_stat.4.go1ng_fwd 
2467 
3E6843 
468 
Jbs 
last 
_stat.6,golng_rev 


246A 
38682C 
469 
Jbs 
last _stat. 
O. change 
__dlr 
2460 
980068 
470 
cmpb 
last 
stat. 
zero 
2470 
OF22 
471 
Je 
first 
tlme 
, 
first 
time 
in 
modeD 
2472 
2057 
472 
br 
no-tot 
473 
2474 
386827 
474 
b-rise. 
Jb5 
last _stat.O.going_ 
'wd 
2477 
3A6B33 
475 
Jbs 
last_stat,2. 
gOing_rev 


247A 
3E6BIC 
476 
Jbs 
last_stat,b. 
change_dir 
2470 
98006B 
477 
cmpb 
last_stat. 
zero 


2480 
OFI2 
478 
Je 
first 
time 
, 
first 
time 
in 
modeD 
2482 
2047 
479 
br 
no-,nt 


480 


2484 
3A6BI7 
481 
b-'all : Jbs 
last_stat. 2. going_'wd 
2487 
386023 
482 
Jbs 
last 
_st.t.O. 
going_rev 
248A 
3C680C 
483 
Jbs 
l.st_stat,4, 
ch.nge_dir 
2480 
980068 
484 
cmpb 
last 
stat, 
zero 
2490 
OF02 
485 
Je 
flTst_tim. 
, 
'irst 
t,me 
in 
modeO 
270061-AS 


_0 


2492 
2037 
486 
br 
no-int 


I 
It 
487 
2494 
488 
first -time. 


2494 
C46B6A 
489 
stb 
hsi 
sO. hst_stat 
2497 
2072 
490 
br 
done_chk 
add 
delta 
position 
491 
492 
2499 
493 
chango_dir: 


2499 
1268 
494 
notb 
d irac t 
249B 
30680F 
49:; 
no-ine: 
Jbc 
dlrect,a,taing_rev 
496 
249E 
497 
going_fOld: 


249E 
914010 
498 
orb 
PORT2.1101000000B 
; 
set 
P2. 6 
24Al 
BI0168 
499 
Idb 
direct.1I01 
; 
direction 
= 
forward 
24A4 
65010030 
500 
add 
position.1I01 
24A8 
A40032 
:;01 
Addc 
pDs1tion+~. 
zero 


24AB 
2000 
502 
br 
st_stat 
24AO 
503 
going_rev: 


24AO 
71BFIO 
:;04 
andb 
PORT2.1I10111111B 
; 
c !ear 
P2.6 
24BO 
BI0068 
:;0:; 
Idb 
direet 
•• OO 
; 
direction; 
reverse 
24B3 
69010030 
506 
sub 
position.1I01 


24B7 
A80032 
507 
subc 
position+2. 
zero 
508 
~ 


I 


24BA 
509 
st_st.t: 
» 
24BA 
C46B6A 
510 
stb 
hsi_ sO. last_stat 
~ 
N 
24BO 
511 
load -lasts: 
I 
~ 
N 
(J) 
24BO 
A0282C 
512 
Id 
tmr2_o1d, 
timer_2 
.•.. 


24CO 
717F60 
513 
no_cot: 
.ndb 
iosl -bak.1I01111111B 
; 
clr 
bit 
7 
01) 


24C3 
901660 
514 
orb 
iosl -ball, iosl 
24C6 
376002 
515 
Jbc 
iosl 
ball.7.no -iot 
24C9 2746 
'16 
again: 
br 
get_values 
517 
24CB 
7lBFOF 
'16 
no-tot: 
andb 
portl.1I10111111B 
; 
Clear 
PI. 6 
24CE 
F3 
519 
popf 


24CF 
FO 
520 
ret 
end 
of 
hst_data- 
interrupt 
rovtine 
~21 
Routine 
for 
mode 
I 
follows 
and 
then 
returns 
to 
"load 
lasts" 


522 
.EJECT 
523 
524 


2400 
525 
In_mode 
_I 
mode 
I liSI routine 
526 


2400 
51506A5C 
527 
.ndb 
tmpL 
hsi_ 
sO.IIOIOIOOOOB 
2404 
07EA 
528 
Jne 
no_cot 
2406 
529 
cmp_ tlm.: 
Procedure 
which 
sets 
mode 
I also 
530 
; 
sets 
times 
to 
p.S5 
the 
tests 
2406 
A05658 
:;31 
Id 
lastZ_time.lastl 
time 
2409 
A04056 
532 
Id 
last! -time, 
time 
533 
240C 
4858405C 
534 
cmp I: 
sub 
tmpl. 
time. 
1.st2_time 
24EO 
88845C 
535 
cmp 
tmpl, .•in_hsil 


270061-A6 


24E3 
0914 


24E5 
24E5 
91020F 
24E8 
010015 
24EO 
A00400 
24EE 
717F60 
24FI 
901660 


24F4 
3F60F4 
24F7 
2012 


24F9 
24F9 
4858405C 
24FD 
88865C 


2500 
0109 


2502 
2502 
71FCOF 
2505 
015515 
2508 
00006S 


2500 
~ 
2500 
482C283C 
250F 
306808 
~ 
2512 
2512 
643C30 
...., 
2515 
A40032 
2518 
27A3 
251A 
251A 
683C30 
2510 
AB0032 
2520 
279S 


2600 


2600 


2600 
F2 
2601 
91800F 


2604 
010008 


2607 
013906 
260A 
447EOA04 


536 
537 
538 
539 
540 
541 
542 
543 
544 
545 
546 
547 
548 
54'i' 
550 
551 
552 
553 
554 
555 
556 
557 
558 


55'i' 
560 
561 
562 
563 
564 
565 
566 
567 
568 


56'i' 
570 
571 
572 
573 
574 
575 
576 
577 
578 
579 
580 
581 
582 
583 
584 
585 


set_mod._2' 


orb 
Idb 
mt_h~i: 
Id 
.ndb 
orb 
Jb. 
br 


ch@cll:_m.l_ti 
•• : 


.ub 
cmp 


Portl ••OOOOOOlOS 
10CO ••00000000S 
Jero.hsi_time 
io.l_b •••• OllllllIS 
los1_b.lc, ios! 
iosl_b.lc,7, 
mt_hsi 
done_ch 
Ie 


set_made_O: 


.ndb 
Idb 
Idb 


done_chk: 


~ub 
Jbc 


~ub 
subc 
br 


Portl •• lllll100S 
loCO ••OI0I0I01S 
last_stat, 
zero 


pos1tion,delt.-9 
pos1 tion+2. 
lero 
IO.d_lasts 


po.ition.delt.-p 
position+2,leTo 
lo.d_l.st. 


Set 
PI. I lin mode 
2) 
Oi ••ble 
.11 
HSI 
empt~ 
the 
hsi 
flfo 
; 
clear 
bit 
7 


260E 
A0464A 
2611 
A0363A 
2614 
48404448 
2618 
A8424A 
2610 
48303438 
261F 
A8323A 


2631 
2631 
88003A 
2634 
0600 


2636 
2636 
0338 
2638 
010069 
2638 
89FFFF3A 
263F 
070A 
2641 2000 


2643 
2643 
010169 
2646 
88003A 
2649 
OF05 


2650 
2650 
887A38 
2653 
011E 
2655 
887838 


Id 
Id 
sub 
subc 
sub 
subc 


go_backward: 


neg 
Idb 
cmp 
Jne 
br 


go_forward: 


Idb 
cmp 
J" 


tIme 
err+2.des 
tlme+2 
Calculate 
tIme 
& 
positIon 
error 
pos_err+2,des_po5+2 
time_err, des 
time, 
time 
j 
values 
are 
set 
tlme 
err+2, time+2 
pas_err. 
des_pos.position 
pos_err+2,posttion+2 


Time_err 
~ 
Desired 
time 
to 
finish 
- 
current 
time 
Pos_err 
Desired 
position 
to 
finish 
- 
current 
position 
Pas_delta 
Last 
position 
error 
- 
Curent 
POSitIon 
error 
Time 
delt. 
= Last 
time 
error 
- 
Current 
time 
error 
note 
that 
errOTS 
should 
get 
smaller 
50 
deltas 
WIll 
be 
positive 
for 
forward 
motIon 
(time 
is 
always 
forward) 


pas_err 
Pas_err 
= 
ADS 
VAL 
Cpos_err) 
pwm_dlr ••OOh 
pos_"rr+2 
••0ffffH 
ld_ma)( 
chk_brk 


pwm_dir ••01H 
p05_err+'2, 
zero 


chk_brk 


pos_err. 
pos_pot 
hold....p0sltion 
pos_err. 
brk_pnt 


2658 
09FI 
634 
Jh 
Id_mar 
; 
positio"_error>brake_point 
635 
265A 
636 
braking· 


265A 880050 
637 
emp 
pos_ delta. 
zero 
265D 
0602 
638 
Jge 
ehk-delta 
265F 
0350 
639 
neg 
pos_ delta 
2661 
640 
ehk-delta: 


2661 
887650 
641 
emp 
pos_ delta.vel 
_pnt 
velocity 
= 
pos_delta/sample_tlme 
2664 
0100 
642 
Jnh 
haldJosition 
Jmp 
if 
ABS(velocit\j) 
'. vel _pnt 
643 
2666 
60726C 
644 
brake: 
Idb 
pwm_pwT. 
ma 1_ brk 
2669 
606824 
645 
Idb 
tmp.dlreet 
If braking 
appl~ 
power 
,n opposite 
266C 
1224 
646 
notb 
tmp 
direction 
of 
current 
motion 


266E 
002469 
647 
Idb 
pwm_dir,tmp 
648 
2071 
2030 
649 
br 
Id_pwr 
650 
2673 
651 
Hold_position. 
position 
hold 
mode 
2673 
89020038 
652 
emp 
pDS_ err .• 02 
2677 
0906 
653 
Jh 
calc 
out 
if position 
error 
< 2 
then 
turn 
off 
power 
2679 
0126 
654 
elr 
tmp+2 
2676 
015A 
655 
elr 
boost 
2670 
20lF 
656 
DR 
output 
~ 
657 
267F 
658 
calc _out: 


~ 
267F 
50FF7424 
659 
mulub 
tmp,mal_hold,_255 


CO 
2683 
6C3824 
660 
mulu 
tmp.pos_err 
; 
Tmp 
pos_ err .max 
hold 
2686 
880050 
661 
emp 
pos_ del ta, zero 
2689 
0709 
662 
Jne 
no 
bst 
2686 
6504005A 
663 
add 
boost ••04 
Boost 
is 
integral 
control 
268F 
645A26 
664 
add 
tmp+2,boost 
TMP+2 = 
MSB (pos._err*ma 
1_ hold> 
2692 
2002 
665 
br 
ek max 
2694 
015A 
666 
no-bst: 
elr 
boost 
2696 
887426 
667 
ek_mal 
emp 
tmp+2. 
mal_hold 
2699 
0103 
668 
Jnh 
output 
2696 
A07426 
669 
mated 
Id 
tmp+2. 
mal_hold 
269E 
60266C 
670 
output. 
Idb 
pwm_plalr. tmp+2 
671 
672 
26A1 
673 
chk_sanit'l. 


26Al 
2000 
674 
br 
Id_PlaiT 
675 
; ; 
676 
; ; 
677 
.EJECT 


678 


26A3 
679 
Id_plllT 
26A3 
606C64 
680 
Idb 
rpwr. 
pwm_pwr 
26A6 
1264 
681 
notb 
Tpwr 
26A8 
38690A 
682 
Jb5 
pwm_dIT.O. 
p2fwd 
683 
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2bAB 
FA 
2bAC 
717Fl0 
2bAF 
00b417 
2bB2 
FB 


2b03 
200B 
2bB:5 FA 
2bOb 
91B010 
2b09 
80b417 
2bOC 
FB 


2b80 
26BO 
BB004A 
2bCO 
022:5 


2bC2 
B92029b2 
2bCb 
OEOb 
2bCB 
Al0029b2 
2bCC 
0142 
2bCE 


2bCE 
A2b334 
2bOI 
A2b33b 
~ 
2b04 
A2b34b 
2607 
A2b370 
N 
2bOA 
A07072 
I\) 
2bOO 
b4b034 
0 
2bEO 
A4003b 
2bE3 
4B30344E 


2bE7 
717FOF 


2bEA 
F3 
2bEB 
FO 


2Boo 
2Boo 
901bbO 
2803 
3bb009 
2BOb 
71BFbO 
2B09 
95100F 
2BOC 
EFF:5FB 


bB4 
bB:5 
bBb 
bB7 
bBB 
bB9 
b90 
b91 
b92 
b93 
b94 
69:5 
b9b 
b97 
b9B 
b99 
700 
701 
702 
703 
704 
70:5 
70b 
707 
70B 
709 
710 
711 
712 
713 
714 
71:5 
71b 
717 ' 
71B 
719 
720 
721 
722 
723 
724 
725 
72b 
727 
72B 
729 
730 
731 
732 
733 


p2bkwd. 
01 
.ndb 
ldb 
EI 
br 
p2fwd: 
01 
orb 
ldb 
EI 


cmp 
Jlt 
ld 
clr 
get_v.I.: 


ld 
Id 
Id 
ld 
ld 


·.dd 
.ddc 
sub 


tim._err+2, 
'.1"0 
; 
do 
p05_t.ble 
when 
err 
is n_g.tive 


endJ 
endJ 


n.t_po ••• 132+pos_tablel 
get_v.1I 
; 
Jump 
if 
lower 
n.tJo 
••• po._table 
tim.+2 


desJo., 
[nxtJosl+ 
d.sJos+2, 
[nltJos]+ 
d.s_tt •• +2, CnltJos]+ 
"'•• .Jaw", [nltJDs]+ 
.•.•• _br •. "'.IJwr 
d •• .JI0s,off •• t 
d.s....P0s+2. zero 
lA.t-P05_err,desJos,posltion 


I1AIN_PROQ: 


orb 
Jbc 
andb 
,orb 
c.ll 


iosl_bak,1051 
iosl_b.k,6,control 
lo.l_bak •• l0lllllIB 
Portl ••0ooI0000B 
HSI_OATA_INT 


clear 
losl_bak. b 
COlOpl Bit 
Pl. 4 
prevent 
lockup 


-- 


280F 
734 
control: 


I Icf 
280F 
912008 
735 
orb 
Int_ ••••k••ool0ll0IB 
I 
enAble 
hsl. 
hso • 
•...t, 
tovf 
Interrupts 
2812 
FD 
736 
nop 
2813 
FD 
737 
nop 
2814 
FD 
738 
nop 
2815 
E06FFD 
739 
dJnz 
•••In_dl, •• 
2818 
FD 
740 
nop 
2819 
95080F 
741 
lorb 
portl ••ooo0l0ooB 
I 
eo.pll ••ent 
pl.3 
281C 
27E2 
742 
BR 
I1AINJ'ROQ 
743 
744 
2900 
745 
CBEQ 
AT 
2900H 
746 
2900 
747 
pos_tAble: 


748 
2900 
00000000 
749 
del 
00000000H 
I 
posItion 
0 
2904 
20008000 
750 
dew 
oo20H. 
OOBOH 
I n.lt 
ti •• 
t 
po •••• '" 


2908 
OOCOOOOO 
751 
del 
OOOOeOOOH 
I 
position 
1 
290C 
40004000 
752 
dew 
oo40H. 
oo40H 
I 
nelt 
time. 
power 
2910 
00000000 
753 
del 
ooOOOOooH 
I 
posl t10n 
2 


2914 
6000COOO 
754 
dew 
0060H. 
OOeOH 
I 
nelt 
tim., 
po'*le,.. 


2918 
0080FFFF 
755 
del 
OFFFFBOOOH 
I 
pod 
t10n 
3 
291C 
80008000 
756 
dew 
0080H. 
oo80H 
I 
nelt 
tim., 
power 


I 


757 
~ 
~ 
2920 
00080000 
758 
del 
OOooOBOOH 
l 
position 
4 
'lJ 
r\> 
2924 
58008000 
759 
dew 
0058H. 
0080H 
I 
nelt 
tim •. 
power 
I~ 
~ 
2928 
00300000 
760 
del 
00003000H 
I 
position 
5 
~ 
292C 
7000FFOO 
761 
dew 
007OH. 
oof'H 
I 
nelt 
time. 
power 
c» 
2930 
00000000 
762 
del 
OOOOOOOOH 
I 
position 
6 
2934 
9000FOOO 
763 
dew 
0090H. 
OO'OH 
nelt 
tim., 
powe,.. 
2938 
00000000 
764 
del 
OOOOOooOH 
position 
7 
., 


293C 
9100FOOO 
765 
dew 
0091H. 
OOfOH 
next 
time, 
power 


766 
767 


2940 
768 
END 


ASSEMBLY 
COMPLETED. 
NO 
ERROR'S) 
FOUND. 
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APPLICATION 
NOTE 
AP-275 


An FFT Algorithm For MCS®-96 
Products Including Supporting 
Routines and Examples 


IRA HORDEN 
MCO APPLICATIONS 
ENGINEER 


Intel's 8096 is a 16-bit microcontroller with processing 
power sufficient to perform many tasks which were pre- 
viously done by microprocessors or special building 
block computers. A new field of applications is opened 
by having this much power available on a single chip 
controller. 


The 8096 can be used to increase the performance of 
existing designs based on 8051s or similar 8-bit control- 
lers. 
In addition, it can be used for Digital Signal 


Processing (DSP) applications, as well as matrix ma- 
nipulations and other processing oriented tasks. One of 
the tasks that can be performed is the calculation of a 
Fast Fourier Transform (FFT). The algorithm used is 
similar to that in many DSP and matrix manipulation 
applications, so while it is directly applicable to a spe- 
cific set of applications, it is indirectly applicable to 
many more. 


FFTs are most often used in determining what frequen- 
cies are present in an analog signal. By providing a tool 
to identify specific waveforms by their frequency com- 
ponents, FFTs can be used to compare signals to one 
another or to set patterns. This type of procedure is 
used in speech detection and engine knock sensors. 
FFTs also have uses in vision systems where they iden- 
tify objects by comparing their outlines, and in radar 
units to detect the dopier shift created by moving ob- 
jects. 


This application note discusses how FFTs can be calcu- 
lated using Intel's MCS®-96 microcontrollers. 
A re- 


view of fourier analysis is presented, along with the spe- 
cific code required for a 64 point real FFT. Throughout 
this application note, it is assumed that the reader has a 
working knowledge of the 8096. For those without this 
background the following two publications will be help- 
ful: 


1986 Microcontroller Handbook 
Using the 8096, AP-248 


These books are listed in the bibliography, along with 
other good sources of information 
on the MCS-96 


product family and on Fast Fourier Transforms. 


This application note contains program modules which 
are combined to create a program which performs an 
FFT on an analog signal sampled by the on-board 
ADC (Analog to Digital Converter) of the 8097. The 
results of the FFT are then provided over the serial 


;~it~:-i~ 'th; ;~~i;~;ti~n~-i;;t~di~ 
th~-~;~~i~~s-s~~ti~~, 


the data from this FFT program would be used directly 
by another program instead of being plotted. However, 
the plotted results are used here to provide an example 
of what the FFT does. There are four program modules 
discussed in this application note: 
FFTRUN - Runs a 64 point FFT on its data buffer. It 


produces 32 14-bit complex output values 
and 32 14-bit output magnitudes. A fast 
square root routine and log conversion rou- 
tine are included. 


A2DCON - Fills one of two buffers with analog values 


at a set sample rate. The sample time can 
be 
as 
fast 
as 
50 microseconds 
using 


8x9xBH components. 


PLOTSP - Plots the contents of a buffer to a serially 


connected printer. 
Routines are provided 


for console out and hexadecimal to decimal 
conversion and printing. 


FTMAIN - The main module which controls the other 


modules. 


Each of the modules will be described separately. In 
order to better understand how the programs work to- 
gether, a brief tutorial on FFTs will be presented first, 
followed by descriptions of the programs in the order 
listed above. 


The final program uses 64 real data points, taken from 
either a table or analog input 1. Each of the data points 
is a 16-bit signed number. The processing takes 12.5 
milliseconds when internal RAM is used as the data 
space. If external RAM is used, 14 milliseconds are 
required. Larger FFTs can be performed by slightly 
modifying the programs. A 256-point FFT would take 
approximately 65 milliseconds. and a 1024-point ver- 
sion would require about 300 milliseconds. 


In the program presented, the analog sampling time is 
set for I sample every 100 microseconds, providing the 
64 samples in 6.4 milliseconds. The sampling time can 
be reduced to around 60 microseconds per point by 
changing a variable, and less than 50 microseconds by 
using the 8x9xBH series of parts, since they have a 22 
microsecond A to D conversion time. 


The programs are set up to be run in a sequence instead 
of concurrently. 
This provides the fastest operation 


if the sampling speed were reduced to the minimum 
possible. For the fastest operation above about 80 mi- 
croseconds a sample. the programs could be run con- 
currently, but this would require some minor modifica- 
tions of the program. Figure I shows the timing of the 
program as presented. 


intJ 


These programs have run in the Intel Microcontroller 
Operation Application's Lab and produced the results 
presented in this application note. Since the programs 
have not undergone any further testing, we cannot 
guarantee them to be bug proof. We, therefore, recom- 
mend that they be thoroughly tested before being used 
for other than demonstration purposes. 


A Fourier Transform is a useful analytical tool that is 
frequently ignored due to its mathematically oriented 
derivations. This is unfortunate, 
since Fourier trans- 


forms can be used without fully understanding 
the 


mathematics behind them. Of course, if one under- 
stands the theory behind these transforms, they become 
much more powerful. 


The majority of this application note deals with how a 
Fast Fourier Transform (FFT) can be used for spec- 
trum analysis. This procedure takes an input signal and 
separates it into its frequency components. One can al- 
most treat the FFT as a black box, which has as its 
output, the frequency components and magnitudes of 
the input signal, much like a spectrum analyzer. 


From a mathematical standpoint, Fourier Transforms 
change information in the time domain into the fre- 
quency domain. The theory behind the Fourier trans- 
form stems from Fourier analysis, also called frequency 
analysis. 


There are many books on the topic of Fourier analysis, 
several of which are listed in the bibliography. In this 
application note, only the pertinent formulas and uses 
will be presented, not their derivations. 


The main idea in Fourier analysis is that a function can 
be expressed as a summation of sinusoidal functions of 
different frequencies, phase angles, and magnitudes. 
This idea is represented by the Fourier Integral: 


H(f) =f: 00 h(t) e- j21Tft 


Where: H(t) is a function of frequency 


h(t) is a function of time 


e-jll = cos e - j SINe 
(2) 


H(f) = f: 
00 h(t) (cos (21Tft) 
- 
j sin (21Tft» 
dt 
(3) 


Figure 2 shows a rectangular 
pulse and its Fourier 


transform. Note that the results in the frequency do- 
main are continuous rather than discrete. 


In a simplified case, the varying phase angles can be 
removed, and the integral changed to a summation, 
known as a Fourier Series. All periodic functions can 
be described in this way. This series, as shown below, 
can help provide a more graphical understanding 
of 


Fourier analysis. 


00 


(t) = ao + ~ 
[an cos (21Tnfot) + 


y 
2 
L 
bn sin (21Tnfot)] 


n = 1 
forn=1tooo 


1 
Where fo = To' the fundamental 
frequency. 


intJ 


sin (27TTof) 
H(f) = 
27TTof 


This formula can also be represented in complex form 
as: 


00L an e j1Tnfot 


n=-oo 
The Fourier series for a square wave is 


00 


" 
sin ((2k + 1) 27Tfot) 
(6) 


~ 
(2k + 1) 
K=O 
If these sinusoids are summed, a square wave will be 
formed. Figure 3 shows the graphical summation of the 
first 3 terms of the series. Since the higher frequencies 
contribute to the squareness of the waveform at the 
comers, it is reasonable to compare only the flatness of 
the top of the waveform. The sharpness or risetime of 
the waveform can be determined by the highest fre- 


quency term being summed. With rise and fall times of 
10% of the period, the waveform generated by the first 
3 terms is within 20% of ideal. At 7 terms it is within 
10%, and at 20 terms it is within 5%. With a 5% 
risetime, it is within 20% of ideal after 5 terms, 10% 
after 13 terms and 5% after 32 terms. Figure 4 shows 
the resultant waveforms after the summation of 7, 15 
and 30 terms. 


Fourier analysis can be used on equation 4 to find the 
coefficients an and bn. To make this process easier to 
use with a computer, a discrete form, rather than a 
continuous one, must be used. The discrete Fourier 
transform, shown in Equation 7, is a good approxima- 
tion to the continuous version. The closeness of the ap- 
proximation depends on several conditions which will 
be discussed later. The input to this transform is a set of 
N equally spaced samples of a waveform taken over a 
period of NT. The period NT is frequently referred to 
as the "Sampling Window". 
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I THEORETICAL FOURIER SERIES COEFFICIENTS 


I 
I 
I 


• 


I 
I 


: 
REAL PART OF DISCRETE FOURIER TRANSFORt.4 
I 


I 


N=32 
I 
I 


T=0.25 
I 
I 
.• 
• 


I 
I 
T 


I 
I 


.1 
• 
I 
I 
• 
I 
I 
I 
I 
I 
I 
! 
t 
T 
• 
I 
• 
T 
I 
T 
I 
T 


I 
I 


- 
• 
I 


I 
I 
I.. 


N-1 


H (:T) 
=I h(kT)e-j27Tnk/N 


k=O 


n = 0, 1,... ,N-1 


Where: H(t) is a function of frequency 


h(t) is a function of time 
T is the time span between samples 
N is the number of samples in the window 
n =0,1,2 
... N-l 


This transform is used for many applications, including 
Fourier Harmonic Analysis. This procedure uses the 
transform to calculate the coefficients used in Equation 
5. In order to do this, the factor TINT must be added 
to the transform as follows: 
N-1 
_ 


H (~) 
= 2.. ~ 
h(kT) e-j27Tnk/N 


NT 
(NT)~ 
k=O 
n= 0, 1, 2, 3, ... , N-1 
(8) 


The factor provides compensation for the number of 
samples taken. Note that the functions H(t) and h(t) are 
complex variables, so the simplicity of the equation can 
be misleading. Once the values of h(t) are known, (ie. 


...o~ 
50.2 
n.~..• 
0.1 


the value of the input at the discrete times (t», the 
Fourier Transform can be used to find the magnitude 
and phase shift of the signal at the frequencies (t). 


A spectrum analyzer can provide similar information 
on an analog input signal by using analog filters to sep- 
arate 
the frequency 
components. 
Regardless 
of its 


source, the information on component frequencies of a 
signal can be used to detect specific frequencies present 
in a signal or to compare one signal to another. Many 
lab experiments and product 
development tests can 


make use of this type of information. Using these meth- 
ods, the purity of signals can be measured, specific har- 
monics can be detected in mechanical equipment, and 
noise bursts can be classified. All of this information 
can be obtained while still treating the FFT process as a 
black box. 


Consider the discrete transform of a square wave as 
shown in Figure 5. Note that the component magni- 
tudes, as shown in the series of Equation 6, are shown 
in a mirrored form in the transform. This will happen 
whenever only real data is used as the FFT input, if 
both real and imaginary data were used the output 
would not be guaranteed to be symmetrical. For this 
reason, there is duplicate information in the transform 
for many applications. Later in this section a method to 
make the most of this characteristic is discussed. 


I 
I 
o 
.25 
.50 
.75 


8 
10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
3031 
n 


"v 
I 
I 
I 
1.00 
1.25 
1.50 
1.75 
-1.75 
-1.50 
-1.25 
-1.00 
-.75 
-.50 
-.25 
-.125 


FREQUENCY (n/NT) 
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If one looks at Equation 8, it can be seen that the calcu- 
lation 
of a discrete 
Fourier 
transform 
requires 
N 


squared complex multiplications. If N is large, the cal- 
culation time can easily become unrealistic for real-time 
applications. For example, if a complex multiplication 
takes 40 microseconds, at N = 
16, 10 milliseconds 


would be used for calculation, while at N = 128, over 
half a second would be needed. A Fast Fourier Trans- 
form is an algorithm which uses less multiplications, 
and is therefore faster. To calculate the actual time sav- 
ings, it is first necessary to understand 
how a FFT 


works. 


The FFT algorithm makes use of the periodic nature of 
waveforms and some matrix algebra tricks to reduce 
the number of calculations needed for a transform. A 
more complete discussion of this is in Appendix A, 
however, the areas that need to be understood to follow 
the algorithm 
are presented here. This information 


need not be read if the reader's intent is to use the 
program and not to understand the mathematical pro- 
cess of the algorithm 


To simplify notation the following substitutions 
are 


made in Equation 8. 


W = e-j21T/N 


n 
n=- 
NT 


The resultant equation being 
N-1 


x(n) =I n(k)Wnk 


k=O 
Expressed as a matrix operation 


[ 


X(1)] 
[WO 
WO 
WO 
WO ] 
X(2) 
WO 
W1 
W2 
WN 


X(3) 
= 
WO 
Vo/2 
Vo/4, 
. , 
W~N 


X(N'1) 
wo W(N'-1) 
W2(N-1) ... 
W(N'-1)2 
[ 


Xo(O)] 
Xo(1) 
Xo(2) 


Xo(N:"'1) 


A brief review of matrix properties can be found in 
Appendix A. Because of the periodic nature of W the 
following is true: 


= COS (271"nkIN) 
- j SIN (271"nkIN) 


WO = 1 therefore, 
if nk MOD N = 0 , wnk = 1 


This reduces the calculations as several of the W terms 
go to I and the highest power of W is N. All of W 
values are complex, so most of the operations will have 
to be complex operations. We will continue to use only 
the W, X(n) and XO(k)symbols to represent these com- 
plex quantities. 


The FFT algorithm we will use requires that N be an 
integral power of 2. Other FFT algorithms do not have 
this restriction, but they are more complex to under- 
stand and develop. Additionally, for the relatively small 
values of N we are using this restriction should not 
provide much of a problem. We will defme EXPO- 
NENT as log base 2 of N. Therefore, 


N = 2EXPONENT 


The magic of the FFT, (as detailed in Appendix A), 
involves factoring the matrix into EXPONENT 
matri- 


ces, each of which has all zeros except for a I and a 
Wnk term in each row. When these matrices are multi- 
plied together the result is the same as that of the multi- 
plication indicated in Equation 9, except that the rows 
are interchanged and there are fewer non-trivial multi- 
plications, To reorder the rows, and thus make the in- 
formation useful, it is necessary to perform a procedure 
called "Bit Reversal". 


This process requires that N first be converted to a 
binary number. The least significant bit (lsb) is swapped 
with the most significant bit (msb). Then the next Isb is 
swapped with the next msb, and so on until all bits have 
been swapped once. For N =8, 3 bits are used, and the 
values for N and their bit reversals are shown below: 


Number 
Binary 
Bit 
DeclmalBR 
Reversal 


0 
000 
000 
0 


1 
001 
100 
4 


2 
010 
010 
2 


3 
011 
110 
6 


4 
100 
001 
1 


5 
101 
101 
5 


6 
110 
011 
3 


7 
111 
111 
7 


Recall that the FFT of real data provides a mirrored 
image output, but the FFT algorithm can accept inputs 
with both real and imaginary components. Since the 
inputs for harmonic analysis provided by a single A to 
D are real, the FFT algorithm is doing a lot of calcula- 
tions with one input term equal to zero. This is obvious- 
ly not very efficient. More information for a given size 
transform can be obtained by using a few more tricks. 


It is possible to perform the FFf 
of two real functions 


at the same time by using the imaginary input values to 
the FFf 
for the second real function. There is then a 


post processing performed on the FFf 
results which 


separate the FFfs of the two functions. Using a similar 
procedure one can perform a transform on 2N real 
samples using an N complex sample transform. 


The procedure involves alternating the real sample val- 
ues between the real and imaginary inputs to the FFf. 
If, as in our example, the input to the FFf is a 2 by 32 
array containing the complex values for 32 inputs, the 
64 real samples would be loaded into it as follows: 


N 
00 01 02 03 04 05 06 07 ..... 30 31 


REAL 
00 02 04 06 08 10 12 14 ..... 60 62 


IMAGINARY 
01 0305070911 
1315 ..... 61 63 


This procedure is referred to as a pre-weave. In order to 
derive the desired results, the FFf 
is run, and then a 


post-weave operation is performed. The formula for the 
post-weave is shown below: 


X (n) = [R(n) + R(N-n)] 
+ cos ?Tn[I(N) + I(N - n)] _ 


r 
2 
2 
N 
2 
2 


?Tn[R(n) 
R(N - 
n)] 
SinN2---2- 
n=O,l,...•N-1 


X'(n) = [I(n) _ I(N - n)] _ sin ?Tn[1(n) + I(N - n)] _ 


I 
2 
2 
N 
2 
2 


?Tn[R(n) 
R(N - n)] 
cosN2 ---2- 
n =0.1, ... , N - 1 
(II) 


Where R(n) is the real FFf 
output value 


I(n) is the imaginary FFf 
output value 


Xr(n) is the real post-weave output 
Xi(n) is the imaginary post-weave output 


Note that the output is now one-sided instead of mir- 
rored around the center frequency as it is in Figure 5. 
The magnitude of the signal at each frequency is calcu- 
lated by taking the square root of the sum of the 
squares. The magnitude can now be plotted against fre- 
quency, where the frequency steps are defined as: 


n 
NT 
n = 0, 1, 2, 3, ... 
, N-1 


Where N is the number of complex samples (ie. 32 in 


this case) T is the time between samples 


A value of zero on the frequency scale corresponds to 
the DC component of the waveform. Most signal analy- 
sis is done using Decibels (dB), the conversion is dB = 
10 LOG (Magnitude squared). Decibels are not used as 
an absolute measure, instead signals are compared by 
the difference in decibels. If the ratio between two sig- 
nals is 1:2 then there will be a 3 dB difference in their 
power. 


There are several things to be aware of when using 
FFfs, 
but with the proper cautions, the FFf 
output 


can be used just like that of a spectrum analyzer. The 
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first precaution is that the FFf is a discrete approxima- 
tion to a continuous Fourier Transform, so the output 
will seldom fit the theoretical values exactly, but it will 
be very close. 


Since the programs in this application note generate a 
one-sided transform with N = 32, the frequency granu- 
larity is fairly course. Each of the frequency compo- 
nents output from the FFf 
is actually the sum of all 


energy within a narrow band centered on that frequen- 
cy. This band of sensitivity is referred to as a "bin". 
The reported magnitude is the actual magnitude multi- 
plied by the value of the bin window at the actual fre- 
quency. Figure 6 shows several bin windows. Note that 
these windows overlap, so that a frequency midway be- 
tween the two center frequencies will be reported as 
energy split between both windows. Be careful not to 


confuse the sampling 
window NT with bin windows or 


with the windowing function. 


Another area of caution is the relationship of the sam- 
pling window to the frequency of the waveform. For 
the best accuracy, the window should cover an exact 
multiple of the period of the waveform being analyzed. 
If it covers less than one period, the results will be 
invalid. Other variations from ideal will not produce 
invalid results, just additional noise in the output. 


If the sampling window does not cover an exact multi- 
ple of all of the frequency components of a waveform, 
the FFf 
results will be noisy. The reason for this is the 


sharp edge that the FFf 
sees when the edges of the 


window cut ofTthe input waveform. Figure 7 shows a 
waveform that is an exact multiple of the window and 


the periodic waveform that the FFf 
output reflects. In 


Figure 8, the waveform is not a multiple of the window 
and the waveform that the FFf output reflects has dis- 
continuities. 
These discontinuities 
contribute 
to the 


noise in an FFf 
output. This noise is called "spectral 


leakage", or simply "leakage", since it is leakage be- 
tween one frequency spectrum and another which is 
caused by digitization of an analog process. 


To reduce this leakage, a process called windowing is 
used. In this procedure the input data is multiplied by 
specific values before being used in the FFf. 
The term 


"windowing" is used because these values act as a win- 
dow through which the input data passes. If the input 
window goes smoothly to zero at both endpoints of 


1\ 
1\ 
/ 
"- 


V 
"- 
"- 


V 
V 
270189-13 


(a). Original Signal and Hanning Window 


the sampling window, there can be no discontinuities. 
Figure 9 shows a Hanning window and its effect on the 
input to an FFf. The Hanning window was named af- 
ter its creator, Julius Von Hann, and is one of the most 
commonly used windows. More information on win- 
dowing and the types of windows can be found in the 
paper by Harris listed in the bibliography. As expected, 
the results of the FFf are changed because of the input 
windowing, but it is in a very predictable way. 


Using the Hanning window results in bin windows 
which are wider and lower in magnitude than normal, 
as can be seen by comparing Figure 6 with Figure 10. 
For an input frequency which is equal to the center 
frequency of a window, the attenuation will be 6 dB on 
the center frequency. Since the bin windows are wider 
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(b). Signal After Hanning Window 


Figure 9. Effect of Hanning Window 
on FFT Input 
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inter 


than normal, the input frequency will also have energy 
which falls into the bins on either side of center. These 
side bins will show a reading of 6 dB below the center 
window. The disadvantage of this spreading is far less 
than the advantage of removing leakage from the FFT 
output. 


A set of FFT output plots are included in the Appen- 
dix. These plots show the effect of windowing on vari- 
ous signals. There are examples of all of the cases de- 
scribed above. A brief discussion of the plots is also 
presented. 


Applications which can make use of this frequency 
magnitude information include a wide range of signal 
processing and detection tasks. Many of these tasks use 
digital filtering and signature analysis to match signals 
to a standard. This technique has been applied to anti- 
knock sensors for automobile engines, object identifica- 
tion for vision systems, cardiac arrhythmia detectors, 
noise separation and many other applications. The abil- 
ity to do this on a single-chip computer opens a door to 
new products which would have not been possible or 
cost effective previously. 


The next four sections of this application note cover the 
operation of the programs on a line by line basis. Sec- 
tion 6 shows an implementation of the FFT algorithm 
in BASIC. This code is used as a template to write the 
ASM96 code in Section 7. Sections 8, 9, and 10 cover 
the code sections which support the FFT module. After 
all of the code sections are discussed, an overview of 
how to use the program is presented in Section II. 


The algorithm for this FFT is shown in the flowchart in 
Figure II and the BASIC program in Listing I. There 
are four sections to this program: initialization, pre- 
weaving, transform calculation, and post-weaving. The 
flowchart is generalized, however, the BASIC program 
has been optimized for assembly language conversion 
with 64 real samples. 


On the flowchart, the initialization and pre-weaving 
sections are incorporated as "Read in Data". The data 
to be read includes the raw data as well as the size of 
the array and the scaling factor. The details for pre- 
weaving have been discussed earlier, and initialization 
varies from coml?uter to computer. LOOP COUNT 
keeps track of which of the factored matrices are being 
multiplied. SHIFT is the shift count which is used to 
determine the power of W (as defined earlier) which 
will be used in the loop. 


For each loop N calculations are performed in sets of 
two. Each calculation set is referred to as a butterfly 
and has the following form: 


X(k):=z + --+ X(k) 
'Wpl 


'Wp2 
X(k+N2) 
+ --+ X(k+N2) 
270189-15 


X(k)]G 
Wpl 


Wp2 


X(k+N2) 


OR 


X1 (k) = Xo (k + N2)*Wp1 
+ Xo(k) 


X1(k+N2) 
= Xo(k)*Wp2 
+ Xo(k+N2) 


In general, the W factors are not the same. However, 
for the case of this FFT algorithm, Wpl will always 
equal (- Wp2). This is because of the way in which "p" 
is calculated, and the fact that W(x) is a sinusoidal 
function. 


The inner loop in the flowchart is performed N2 times. 
For LOOP = I, N2=N/2 
and if INCNT=N2 
then 


k = N2 and k + N2 = N, so the first loop is done and 
parameters LOOP, N2, and SHIFT are updated. For 
the first loop, all NI2 sets of calculations are performed 
contiguously. As LOOP increases, the number of con- 
tiguous 
calculations 
are 
cut 
in 
half, 
until 


LOOP = EXPONENT. 


When LOOP=EXPONENT, 
N2= I, the butterfly is 


then performed on adjacent variables. Figure 12 shows 
the butterfly 
arrangement 
for a calculation 
where 


N=8, 
so that EXPONENT = 3. 


The BASIC program follows this flowchart, but opera- 
tions have been grouped to make it easier to convert it 
to assembly language. Also not shown in the flowchart 
are several divide by 2 operations. There are five in the 
main section, one per loop. These provide the TINT 
factor in equation 8 for N = 32 (25= 32). There is also 
an extra divide by two in the post-weave section. It is 
required to prevent overflows when performing the 16- 
bit signed arithmetic in the ASM96 program. As a re- 
sult of these operations, the input scale factor is ± I = 
± 32767 and the output scaling is ± I = 
± 16384. 


Note, the maximum input values are ±0.99997. 


T~P = w 
p 
• 
X(k + N2) 
X(k + N2) = X(k) - T~P 
X(k) = X(k) + T~P 


100' 
THIS 
IS FFT13, 
FEBHUARY 
4, 
1986 
105 
' 
110 
115 
120 
' 
126' 
THIS 
PROGRAM 
PERFORMS 
A FAST 
FOURIER 
TRANSFORM 
ON 64 REAL 
DATA 
POINTS 
130 
' USING 
A 2N-POINTS 
WITH 
AN N-POINT 
TRANSFORM 
ALGORITHM. 
THE 
FIRST 
135 
' SBCTION 
OF THB PROGRAM 
PBRFORMS 
A STANDARD 
TRANSFORM 
ON DATA 
THAT 
HAS 
140 
' BEBN 
INTERLBAYED 
BETWEEN 
THE 
REAL 
AND 
IMAGINARY 
INPUT 
YALUBS. 
THE 
145 
' RESULTS 
OF THAT 
TRANSFORM 
ARE 
THEN 
POST-PROCESSED 
IN THE 
SECOND 
SECTION 
150 
' OF THI 
PROGRAM 
TO PROYIDE 
THE 
32 OUTPUT 
BUCKETS. 
THE OUTPUT 
YALUES 
ARE 
155 
' MULTIPLIID 
BY 
"M" TO MAKE 
IT EASY 
TO COMPARE 
WITH 
THE ASM-96 
PROGRAM 
160 
' 
165 INPUT 
"NAME OF 
LIST 
FILE"; 
LST$ 
170 PRINT 
175 OPEN 
LST$ 
FOR OUTPUT 
AS II 
180 
' 
200 
210 DIM 
XR(32),XI(32),WR(32),WI(32),BR(32) 
220 M=16383 
' M=MULT. 
FACTOR 
FOR SCALING 
230 
N=32 
: Nl=31 
: N2=N/2 
• N=NUMBER 
OF DATA 
POINTS 
240 
LOOP=l 
: K=O 
: EXPONENT=5 
: SHIFT=EXPONENT-l 
' 2**E=N 
250 PI=3.1415926541 
: TPN=2*PI/N 
: PIN=PI/N 
260 
' 
270 
280 
FOR P=O 
TO 31 
290 WR(P)=COS(PN) 
300 
NIXT 
P 
310 
' 
320 
FOR 1=0 
TO 31 
330 RIAD 
XR(It) 
360 NEXT 
K 
360 
' 
400 
410 
420 
430 
440 
445 
• 
460 
INCNT=INCNT+l 
460 
P=BR(INT(K/(2 
ASHIFT») 
470 WRP=WR(P) 
: WIP=WI(P) 
: KN2=I+H2 
480 
TMPR= 
(WRP*XR(IN2) 
- WIP*XI(KN2»/2 
490 
TMPI= 
(WRP*XI(IN2) 
+ WIP*XR(KN2»/2 
500 
TMPRl=XR(K)/2 
: TMPll=XI(K)/2 
510 
XR(I+N2) 
= TMPRI 
- TMPR 
' TMPR, 
TMPI 
ARE 
THE REAL 
AND 
IMAGINARY 
520 
XI(K+N2) 
= TMPII 
- TMPI 
' RESULTS 
OF A COMPLEX 
MULTIPLICATION 
530 
XR(K) 
TMPRI 
+ TMPR 
540 
XI(K) 
= TMPII 
+ TMPI 
560 
' 
560 
1=1[+1 
570 
IF INCNT<N2 
THEN GOTO 450 
580 
I=I+N2 
' SINCE 
THE 
ARRAY 
IS PROCESSED 
2 POINTS 
AT A TIMB, 
590 
IF I<Nl 
THEN 
GOTO 
430 
'ONLY 
N/2 
LOOPS 
NEED 
TO BE MADE. 
ON EACH 
PASS, 
600 
LOOP=LOOP+l 
: N2=N2/2 
'THE 
YALUE 
OF N2 CHANGES 
AND 
SMALLER 
CONSECUTIYE 
606 
SHIFT=SHIFT-l 
' SECTIONS 
ARB 
PROCESSED. 
610 GOTO 
400 
620 
' 
690 
' 
691 
' 
692 
' 
693 
' 


, COPYRIGHT 
INTEL CORPORATION, 
1985 
, BY 
IRA HORDEN, 
MCO 
APPLICATIONS 


1=0 
IF LOOP)EXPONENT 
THEN 
700 
INCNT=O 


• WRP 
AND WIP 
ARE CONSTANTS 
BASED 
ON 
• SINES 
AND COSINES 
OF BIT 
REYERSED 
, YALUES 
OF K SHIFTED 
RIGHT 
S TIMES 


694 
' 
695 
' 
696 
' 
697 
' 
700 
710 
' 
720 
FOR K = 0 TO 31 
730 KPIN=K*PIN 
740 
XRBRK=XR(BR(K» 
: XIBRK=XI(BR(K» 
'CONDENSED 


750 
XRBRNK=XR(BR(N-K» 
: XIBRNK=XI(BR(N-K» 


760 
TI = (XIBRK+XIBRNK)/2 


770 
TR = (XRBRK-XRBRNK)/2 


780 
XRT= 
(XRBRK+XRBRNK)/4 


790 
XIT= 
(XIBRK-XIBRNK)/4 


800 OUTR= 
XRT + TI*COS(KPIN)/2 
- TR*SIN(KPIN)/2 


810 OUTI= 
XIT - TI*SIN(KPIN)/2 
- TR*COS(KPIN)/2 


820 
' 
830 MAGSQ 
= OUTR*OUTR+OUTI*OUTI 


840 MAG 
= SQR(MAGSQ) 
845 
IF MAGSQ*M 
< .5 THEN 
DECIBEL=O 


847 
DBFACT=M/2/32767*M 
'M~2 
/ 64K 


850 DECIBEL=10*LOG(MAGSQ*DBFACT) 
860 
DECIBEL=DECIBEL 
* 
.434294481' 


900 
GOTO 930 
910 
PRINT 
'I, 
USING 
"""" 


920 PRINT 
'I, 
USING 
"' 
930 
' GOTO 950 
942 
PRINT 
'I, 
USING 
943 
PRINT 
'I, 
USING 
945 
PRINT 
'I, 
USING 
947 
PRINT 
'I, 
USING 
950 NEXT 
K 
960 
' 
970 
IF LST$<>"SCRN:" 
THEN 
PRINT 
'I, CHR$(12) 


999 
END 
1000 END 
1010 
1020 
DATA 
1030 DATA 
1040 
1050 DATA 
1060 DATA 
1070 DATA 
1080 DATA 


, THE ASM-96 
PROGRAM 
USES 
A TABLE 
LOOK-UP 


, ROUTINE 
TO CALCULATE 
SQUARE 
ROOTS 
GOTO 
900 


"i 
K. 


'"; HBX$(M*OUTR), 
HEX$(M*OUTI), 
HEX$(M*MAG) 
ft,. 
ttj 
K; 
"',.,"" 
"",.", 
"""" 


"; OUTR,OUTI,MAG; 


"; 
DECIBEL; 


"; M*OUTR, 
M*OUTI, 
M*MAG 


, DATA 
FOR BR(P) 
- BIT 
REVERSAL 


0,16,8,24,4,20,12,28,2,18,10,26,6,22,14,30 
1,17,9,25,5,21,13,29,3,19,11,27,7,23,15,31 


, DATA 
FOR 
XR,XI 


2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2 
2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2 
-2,-2,-2,-2,-2,-2,-2,-2,-2,-2,-2,-2,-2,-2,-2,-2 
-2,-2,-2,-2,-2,-2,-2,-2,-2,-2,-2,-2,-2,-2,-2,-2 


inter 


Lines 165-175 set up the file for printing the data, this 
can be SCRN:, LPTl:, or any other file. 


X(O)~X(o) 
><: x(o) 


X(l) 
x(l)-----~X(1) 


X(2) 
X(2) 
-><:---.X(2) 
X(3) 
X(3)-----~X(3) 


X(4)~X(4):><: 
X(4) 


X(5) 
X(5)-----~X(5) 


X(6) 
X(6) 
_:><:_-_.X(6) 


X(7) 
X(7)-----~X(7) 
270189-19 


Lines 200-310 set up the constants and calculate the 
Wp terms which are stored in the matrices WR(P) and 
WI(P), for the real and imaginary component respec- 
tively. 


Lines 320-350 read in the data, alternately placing it 
into the real and imaginary arrays. The data is scaled 
by 2 to make the data table simpler. 


Lines 410-430 initialize the loop and test fdr comple- 
tion. 


Lines 450-620 perform the FFf algorithm. Note that 
all calculations are complex, with the suffixes "R" and 
"I" indicating real and imaginary components respec- 
tively. 


The variables on line 470, TMPRI 
and TMPIl 
would 


normally not be used in a BASIC program as more 
than one operation can be performed on each line. 
However, indirect table lookups always use a separate 
line of assembly code, so separate lines have been used 
here. 


Lines 700-810 perform the post-weave. This is not in 
the flowchart, but can be found in Equation 11. Once 
again, table look-ups are separated and additional vari- 
ables 'are used for clarity. The variables BR(x) are the 
bit reversal values of x. 


Line 830 calculates the magnitude of the harmonic 
components. 


Lines 900-950 print the results of the calculations, with 
line 900 determining if the print-out should be in hex or 
decimal. 


Lines 1000-1080 are the data for the bit reversal values 
and input datapoints. The input waveform is one cycle 
of a square-wave. 


The BASIC program just presented has been used as an 
outline for the ASM96 program shown in Listing 2. 
There 
are 
many 
advantages 
to 
using 
the 


BASIC program as a model, the main ones being de- 
bugging and testing. Since the BASIC program is so 
similar in program flow to the ASM96 program, it's 
possible to stop the ASM96 program at almost any 
point and verify that the results are correct. 
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$pagelenlth( 
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a fut 
fourier 
tranalora 
ern') 
on 64 real 
data 
point. 
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2M-point aI,oritu. 
the 
aI,orit_ 
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a standard 
FFT procedure 
for 
32 .-1 
end 32 t.Bginery 
IlUIIbeMl. 
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arraya 
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alternately 
with 
real 
deta 
point., 
and the output ot the 


JTT ia 
nIB through 
a poet-proceaaor. 
Tbe reIIul t i. a one aided 
array 
with 
32 
output 
bucketo. 
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proceedng 
includeo 
0 teble 
lookup 
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•• 
for 
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the 
oquere 
root 
of 
•••• unoiIDed 
32-bit 
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All 
of the 
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in 
the 
..un 
Frr 
procra 
are 
done uoi~ 
16-bit 
aigned 
inte,era. 
The MXt.aa 
value 
ot aD)" frequency 
ca.poDeot 
t. therefore 


+/- 
321. 
(IIote 
that 
a oquere 
_ve 
of +/-321 
bee a funclaRntal 
~ent 
_ter 
than 
+/- 
40&). 
llberever 
poodble 
tebleo 
are 
uoed 
to 
increaoe 
the 


speed 
of -.th 
operatloua. 
The c~lete 
tranetorw, 
includin, 
obtaini~ 
the 
absolute 
-cD 1tude 
of 
each 
frequency 
cc.pooeat. 
executea 
in 
12 
ailliaecoDda 
with 
internal 
verillbl_. 
14 _ 
with external. 


The prol!"_ 
requirM 
two 32-word 
input .r~, 
with 
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alternoted 
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two. 
Theee atart 
at 
XRIlALend UMAO. 
The reoult 
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_itude 
will 
be placed 
in 
a 32-word 
array 
at 
FFT_OU'I'. Theee are 
all 
externally 
defined 
variabl.. 
the 
external 
conatant 
SCALI FACTOR1. uaeel to 
divide 
the 
output 
when aver•• i~ 
will 
be UIIed. 
Since 
the protn- 
averaaea 


it. output, 
it 
i. 
neceuary 
to clear 
the array bued 
at 
rrT_OUT before 
cell~ 
FFT_CAJ£ to 
atart 
tha 
prom-. 


The pro",_ 
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written 
in BASICfor 
testing 
~ee. 
The 
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include 
these 
BASICatat.-enta 
to aake it 
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to follow 
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al(orit". 


MCS-96 
MACROASSIIMBLIlR 
FFT_RIJIi 
02/18/86 
PAGE 


IRR 
LOC 
OSJICT 
LINK 
SOURCll STATllMBNT 
38 


0000 
39 
RSIO 
40 
IXTRN 
portl, 
zero, 
error 
41 
0024 
42 
OSlO 
.t 
248 
0024 
43 
TMPR: 
clal 
1 
TeIIPOrary real.ter. 
Real 
0028 
44 
'nIPI: 
clal 
1 
T~rary 
re,i. 
ter. 
IaaliDary 


002C 
45 
TMPRl: 
clal 
1 
Te.porary 
real.terl. 
Real 


0030 
46 
'lMPI1: 
clal 
1 
T.-porary 
ro,l.torl, 
z-tinary 
0034 
47 
XR'I!IP: 
clal 
1 
TeIIPOrary data 
reli.ter, 
Real 
0038 
48 
XUMP: 
clal 
1 
Te.porary 
date 
reai_ter. 
~ibary 
r- 
003C 
49 
XRRJ(: 
clal 
1 
iir 
0040 
50 
XRRNl: 
clal 
1 
.. 
5" 
0044 
51 
XIIIIl: 
clal 
1 
IQ 
0048 
52 
XIRN!: 
cia1 
1 
i 


003C 
53 
diff 
equ 
xrrk 
:loD, 
i Table 
difference 
for 
.quare 
root 
0040 
54 
aqrt 
equ 
xrruk 
:100' 
j 
Square root 
~ 
0040 
65 
10' 
equ 
xrruk 
: lon, 
; 
10 
Lo, 
_itude 
A2 
CIl 
0044 
56 
nxtloc 
equ 
xirk 
:100' 
i Next 
location 
in 
table 
~ 
57 
CD 
003C 
58 
WBP 
equ 
xrrk 
: word 
j Multiplication 
lactor, 
Real 
Q) 
0031 
59 
IfIP 
equ 
xrrk+2 
: word 
i Multiplication 
lector. 
r-,iDary 
~ ." 
0040 
60 
PIfR 
equ 
xrruk 
: word 
N :!l 
0042 
61 
III CNT 
equ 
xrrnk+2 
:word 
0044 
62 
NDIY2 
equ 
xirk 
: word 
; 
n divided 
by 
2 
(0 
( 
n 
( 
II) 
*2 
c.> 
'V 
63 
<Xl .. 
0 
004C 
54 
KPTR: 
dow 
1 
i K for 
counter 
*2 to 
index 
worcla 
IQ 
0041 
65 
KN2: 
dow 
1 
-; IPTR 
•. ffDIV2 
.. 
DI 
0050 
66 
II_SUB_I: 
dow 
1 
iN-I *2 to 
index 
worcla 
3 
0052 
67 
HI: 
dow 
1 
; Bit 
revened 
pointer 
of KPTR 
'0 
0054 
68 
RNI: 
dow 
1 
i Bit 
reversed 
pointer 
of 
N_SUB_X 
0056 
69 
SBlT 
CIlT: 
dow 
1 
0 
0058 
70 
LOOP=CNT: 
dob 
1 
:Jg 
0041 
71 
ptr 
equ 
1m2 
: word 
j 
Pointer 
for 
.quare 
root 
table 


C 
0000 
72 
OSBO 
<D 
73 
.9: 
74 
IXTRIl 
FFT_MOOB 
; 
FFT_MOOB: lIOdo 
for 
FFT input 
and 
traphin, 


75 
BXTRIl 
XRBAL, XIMAO 
j 
XRKAL,XIMAG:Baae 
.ddr 
••••• 
for 
32 
16-bi 
t 
.itned 
76 
i entriea 
for 
real 
and iJla(inary 
nlmbera respectively. 


77 
BXTRN 
FFT_OUT 
i rrT_OUT: Starting 
addrea 
for 
32 word array 


78 
i of 
lIBgrIitude 
infonaation. 
79 


0000 
80 
OUTR: 
claw 
32 
; Real 
ca.pc)Dent 
of 
fft 
0040 
81 
OUTI: 
dew 
32 
j 
Iaaainary 
cc.ponent 
of 
wavelora 
B2 
PUBLIC OUTR,OUTI 
83 
84 
$BJBCT 
270189-34 


2280 
•... 
2280 
1100 
iii' 
2282 
B10100 
.. 
5' 
2285 
I'C 
lQ 
N 
2286 
B10158 
I 
2289 
B10466 
> 
2211C A1200044 
CIl3: 
2290 


CD 
2290 
950400 
en 
2293 
014C 
~ 
."." 
2295 
990558 
N ~ 
2298 
DA0220A3 
W 
"ll 
CO 
..•0 
lQ 
2200 
..• 
DI 
2200 
0142 
3 
0 
229B 
0 
2298 
65020042 
::l 
<::!". 
::l 
22A2 
A04C4O 
c 
CD 
22A5 
085640 
.e, 
22A8 
7lFB40 
22AB A341003840 


22BO A34144393C 
2285 
A34186393B 
22BA 44444C4B 


FIT_RUN 


tIN! 
85 
86 
81 
88 
89 
90 
91 
92 
93 
94 
95 
96 
81 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 


SOURCB STATBMBNT 


CSBG at 
22808 


FIT 
CALC: 
- 
. c1rb 
1db 


OUT LOOP: 
- 
xorb 
clr 


IN LOOP: 
- 
add 


1d 
ohr 
andb 
1d 


1d 
1d 
add 


clrvt 
1db 
1oop_cut,t1 
1db 
obft 
cot, 
t4 
1d 
ndiv2,t32 


port1,tOOOOOlOOB 
;**** 
Indication 
Only 
kptr 
, , , , 
420 
IF 
LOOP > BXP TIIBN 700 
loop 
cnt t'5 
i 32=2....5 
UNlIBAVB 


pwr,kptr 
pwr,shft_CDt 
pwr,t11111110B 
pwr.brav(pwr] 


wrp.wr[pwr] 
wip.wi[pwr] 
1m2. kptr 
t ndi v2 


_. 
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BRR LOC 
OB.1BCT 
LIMB 
SOUReB STATBMBNT 
128 
;; 
C<lq)lex 
11\11tiplicatlon 
follOWl!l 
129 
130 
; 
480 
_ 
(WRP*XR(IN2) 
- 
WIP*XI(IN2»/2 
228B 
F84F4FOOOO3C24 
B 
131 
p: 
11111 
t__r, wrp, xreal 
(1m2] 
22C5 
F84F4FOOO03B28 
B 
132 
11111 
tllpi, 
••ip, xi •••• lIm2] 
22CC 682-'26 
133 
.ub 
tllpr+2, 
tapi+2 
134 
; 


t.prl,wrp,x~[k;,2j 
490 
TMPI= 
(WRP*XI (XN2) 
+ WIP*XR(XN2» 
/2 
22CF 
F84F4FOOOO3C2C 
B 
135 
11111 
2206 
F84F4FOOO03B28 
B 
136 
••• 1 
t.pi,wip,xreal{kn2j 
2200 
642B2A 
137 
odd 
tllpi+2, 
tllprl+2 
138 
r- 
139 
.. 
uoin, 
the 
high 
byte 
only 
of 
a 
oiped 
•• IUply 
iii' 
140 
.. 
provides 
an effective 
divide 
by two 
.. 
S' 
141 


CI:l 
2280 
DCM 
142 
BVT 
BRRI 
i Branch on error 
in cOIIPlex -.1 tiplicationa 
N 
143 
! 


2282 
A34000002C 
B 
144 
Id 
tllprl, 
xraal 
lkptr 
J 
"" 
500 
nFRl=XR(K) 
/2 
22B7 
OAOI2C 
145 
.hra 
tllprl,tl 
jii; 
TMPIl=XI(I)/2 
en 
22BA A340000030 
B 
146 
Id 
tllpil,x~[kptrl 
~ 
22BF 
OA0130 
147 
.hra 
tllpil,tl 
lQ 
148 
en 
149 
510 
XR(IN2) 
= TMPRI - 
TMPR 
~ 
I\) " 
22F2 
48262C34 
150 
,r2: 
aub 
xrtllPt 
tIIprl, 
tJlpr+2 
." 
~ ~ 
22F6 
C34FOOOO34 
B 
151 
at 
xrtllp,xreal[1m2j 
I 
'" 


152 
520 
XI(IN2) 
= TMPII 
- 
TMPT 
N 
.j>. 
." 
22F8 
482A3038 
153 
gx2: 
aub 
xitllp, 
tllPil, 
tllpi+2 
-...I 
0 
..• 
U'I 
0 
22FF 
C34FOOO038 
B 
154 
at 
xitllp,x~[1m2J 
CI:l 
155 
; 
530 
XR(I) 
= TMPRI + TMPR 
..• 
Dl 
2304 
44262C34 
156 
add 
xrtllp, tllpr 1, tllpr+2 
3 
2308 
C34DOOOO34 
B 
157 
at 
xrtllp,xreal[kptrj 
'0 
158 
540 
XI(I) 
= TMPII 
+ TMPI 
2300 
442A3038 
159 
gx: 
add 
xi tIIp, tllpil, 
tapi+2 
0 
2311 
C340000038 
B 
160 
.t 
xi tap, 
xt.qlkptr 
J 
3- 
161 
5' 
2316 
DC23 
162 
BVT 
BRR2 
; Branch 
aD error 
in 
COIIPlex addition. 
C 
(l) 
163 
S: 
164 
$eject 
270189-36 
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IRR 
LOC 
OB.1BCT 
LINK 
SOURCI STATIlMBNT 
166 
tIlt 
560 
I=K+1 
2318 
6602004C 
166 
ik: 
add 
kptr,'2 
167 
168 
; 
II 
•• 
570 
If 
INCNT<N2 THEN 
OOTO 450 


231C 
884442 
169 
ClIp 
iD_cut,Ddiv2 
231F 
D6022778 
170 
! 
bIt 
I1U.oop 
171 
172 
; 


"" 


580 
I=K+N2 
2323 
64444C 
173 
add 
kptr,nd1v2 


174 
; 
"" 
590 
If 
1 <Nl 
THEN OOTO 430 
2326 
893IOO4C 
175 
ClIP 
kptr,'62 
r- 
232A 
D6022768 
176 
! 
bIt 
MID_I.ooP 
;-.. 
177 
S- 
178 
I'" 
600 
I.ooP=I.ooP+ 1 : 
N2=N2/2 
u:a 
2321 
1758 
179 
incb 
loop_cut 
IIII 
605 
SBIFT=SHIFT+ 
1 
i 


2330 
OAOI44 
180 
abra 
ndiv2,'1 
2333 
1556 
181 
decb 
abft_CDt 
~ 
182 
; 
"'l 
610 
OOTO 400 
CII 
2335 
2759 
183 
br 
OUT_LOOP 
~ 
164 
II) 
185 
en 
2337 
810100 
1 
186 
BRRl: 
Idb 
error,lOl 
i overflow 
error 
I lat 
aet 
of calcul.tioDa 
~ 
." 
233A 
1'0 
187 
ret 
r\) 
~ 
2338 
810200 
1 
188 
BRR2: 
Idb 
error,'02 
i overflow 
error 
t 
2nd aet ot calculati0D8 
2331 
FO 
189 
rat 
~ 
'U 
190 
..0 
191 
$BJBCT 
u:a 
270189-37 
.. 
III3 
0 
03- 
S· 
c: 
(1)S 


_0 


I 
I ~ 
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IIR 
LOC 
0B.1ICT 
LIlli 
SOUllCl STATIM!IIT 
192 
193 
",. 
700 
' 
Pll6T-PIlOCIS1IIl 
AND1BORD1R1IIl STARTS JIIlIlIl 
233F 
194 
UNIlIlAYI: 


233F 
BI0200 
I 
196 
Idb 
portl, 
toOOOOOlO1> 
;- 
196 
197 
; 
,i;; 
720 
POR 1=0 '10 31 
2342 
014C 
198 
elr 
Icptr 
2344 
A1400050 
199 
Id 
D_.ub_k,t64 
2348 
200 
UN_LOOP: 


201 
; 
",, 
740 
I18R1=1I(8R(J[» 
llRBRI=IR(D(J[) 
2348 
A34DOO381S2 
202 
Id 
r1r, brev [lcptr) 
C 
2341l A353000030 
I 
203 
Id 
xrrk, 
xreal 
[r1r] 
III 
2382 
063C 
204 
ext 
xrrlr 
- 
SO 
2354 
A353000044 
II 
205 
Id 
xirlr,xt-a(rk] 
C 
23590644 
205 
ext 
xlrlr 
t 


207 
; 


rnk,brev(D_oub_kj' 
., 


7SO IIBRIlI=II(8R(II-J[): 
llRBRIlI=llR(8R(II-J[) 
238B A351OO38l54 
208 
Id 
2360~ 
II 
209 
Id 
xrrnk, 
xreal 
[rnk) 
en 
2366 
0640 
210 
ext 
xrrnk 
~ 
2367 
A35SOOOO48 
II 
211 
Id 
xirnk,xt-a[rnk) 
CD 
236C 0648 
212 
ext 
xlrnk 
en 
213 
; 
I'f' 
760 
Tl=(I18111[ 
+ 118R1l1)/2 
» 
~ 
." 
236Il 44484428 
214 
or: 
odd 
tllpi,xirk,xirnk 
'U 
:!l 
2372 
A04A2A 
215 
Id 
tlopl+2,xlrnk+2 
I 
N 
N 
2375 
A4462A 
216 
oddc 
Uipi +2. xirk+2 
....• 
~ 
'1J 
2378 
0110128 
217 
obral 
tlopl,'1 
; 
16 bit 
reault 
iD tIlpi 
CIl 
N .. 
0 
218 
C 
219 
II" 
770 
TR=(llRBRI - 
llRBRIlI)/2 
iil 
2378 
48403C24 
220 
oub 
tapr,xrrk,xrrnk 
3 
237F 
A03126 
221 
Id 
tIlpr+2, 
xrrk+2 
(') 
2382 
A84226 
222 
oube 
tllpr+2, 
xrrnk+2 
2385 
0110124 
223 
obral 
tllpr,'1 
; 
16 bit 
reault 
iD tllpr 
0 
224 
;a 
225 
;;,j 
780 
llRT= (llRBRI + llRBRIlI)/4 
:r 
2388 
44403034 
226 
odd 
xrtllp, xrrk, xrruk 
C 
CD 
23lIC A03J[36 
227 
Id 
xrtJIlp+2,xrrk+2 
.9: 
238F 
.\44236 
228 
oddc 
xrblp+2,xrrnk+2 
\ 


2392 
ODOIl34 
228 
ohll 
xrtlop,'14 
; 32 bit 
reault 
1D xrtJIp 
230 
231 


"" 
790 
lIT: 
(118111[-11_)/4 
I 


2395 
48484438 
292 
oub 
xibp,xirk,xirok 


2399 
A0463A 
233 
Id 
xitllp+2,xirk+2 


239C A84A3A 
234 
••ube 
xlblp+2,xirDk+2 
239F 
0001138 
238 
ohll 
xitlop,'14 
; 32 bit 
reault 
1D xitlop 


236 
237 
•••J4lCt 
270189-38 


_0 


- 
I 
I cl 
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IRR /DC 
0BJIlCT 
LINE 
SOIJIlCI STA-m.1lT 
238 
; 
I"" 
Multiply 
will 
provide 
effective 
divide 
by 
2 
239 
240 
; 
till 
800 
OUTll= (XRT + TUC06FN(I)/2 
- 
Tll*SINFN(K)/2) 
241 
23A2 FB414D4038242C 
242 ...: 
••• 1 
tllPrl, 
b1pr.oinfD[kptr] 
23A9 FB4F4DC2382830 
243 
••• 1 
illPil. 
bIpl,coofn[kptr] 
2380 
643034 
244 
odd 
xrUlp,bIpil 
2383 
A43236 
245 
oddc 
xrt.p+2, 
b1pil+2 
2386682C34 
246 
000 
XrUlp, mprl 
2389 
A82136 
247 
oooc 
xrtllp+2. 
b1prl+2 


23BC C340000036 
R 
248 
ot 
xrUlp+2, 
outr 
[kptr 
J 
; j 
Otrl'R :: Real 
Output 
Value. 
r- 
249 
iii' 
250 
- 
251 
810 
OUTI: 
(XIT 
- 
TUSINFN(K)/2 
- 
TIl*OOSFN(K)/2) 
3" 
; 
iii; 


CO 
252 
i 


23Cl 
FB414DC238242C 
253 
.1: 
••• 1 
tapr 
I, b1pr. 
coofn 
[kptr 
J 


23C8 
FB414D40382830 
254 
••• 1 
tlIpil, 
b1pi.o1nfn[kptr] 
~ 
23CF 683038 
255 
oub 
xlb1p,bIpil 


(J) 
23D2 A8323A 
256 
oubc 
xltap+2. 
b1pil+2 
~ 
23D5 682C38 
257 
000 
xli11P, illPrl 
CQ 
23D868213A 
258 
000 
xltap+2. 
illPrl+2 


Cl) 
23DB C34D40003A 
R 
259 
ot 
xltap+2,outi 
[kptr] 
;; 
OUTI :: :r-,io&ry 
Output 
value- 
~ 
~ 
"'II 
260 
~ 
:!l 
261 
. 
i\> 
262 
830 
MAG:SQR(OIlTllOOUTR + OUTUOUTI) 
N 
./>. 
..., 


"'" 
'tl 
263 
Co) .. 
U1 
0 
23BO 
264 
GRT_MAG: 
;; 
Get ~itude 
of 
Vector 
CO 
2310 
A03624 
265 
Id 
t~rtxrt.p+2 
.. 
2313 
A03A28 
266 
Id 
illPl, 
xi tap+2 
III3 
267 
'0 
23B6 
FB6C2424 
268 
••• 1 
tllpr I tllpr 
; b1pr 
: 
b1pi**2 
+ illPr**2 
231A 
FB6C2828 
269 
••• 1 
bIpl, 
bIpl 
0 
23BB 642824 
270 
odd 
illPr, 
bIpl 
~ 
<:!: 
2311 
A42A26 
271 
addc 
tapr+2. 
t.IIP1+2 
:;, 
272 
c: 
2314 
32004C 
B 
273 
bbc 
FFT_I«lDB,2,CALC_SQRT 
<D 
.9: 
274 
275 
.eject 
270189-39 
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BRR LOC 
0II.JIlCT 
LINK 
276 
277 
278' 
279 
23M 
280 
23M 
0156 
281 
23r9 
01'5624 
282 
23PC 
9901'56 
2B3 
23" 
DA04 
284 
285 
2401 
0140 
286 


2403 
202C 
287 
r 
286 
iii' 
2405 
289 
..• 
2405 
44565656 
290 
S" 
291 
CQ 
2409AC274B 
292 
N 
240C 
444B4B4B 
293 
~ 
2410 
65083A4B 
294 
295 
CIl 
2414 
A24F4O 
296 
3: 
2417 
A24B44 
297 
CD 
298 
Ql 
241A 
684044 
299 
I\) 
." 
~ 
:!t 
300 


'" 


241D 
AC263C 
301 


-l'- 
'tI 
24206C443C 
302 
-l'- .. 
303 
0 
2423 
0C083C 
304 
CQ..• 
2426 
643C4O 
305 
III 
2429 
0Il0640 
306 
3 
307 
a 
242C 
A7570A3C40 
308 
0 
309 
~ 
310 
:5' 
311 
c 
2431 
312 
CD 
2431 
080040 
B 
313 
.e, 


2434 
A40040 
B 
314 
2437 
674D000040 
B 
315 
243C 
C34D000040 
B 
316 
317 
2441 
2045 
318 
319 


.hft 
cat 
tJlpr~.hft_CDt 
.hft 
cat,#15 
LOG3rUIAIIGB 


Idbze 
add 
add 


Id 
Id 


.** 
CALCULATII 10 
log 
_itude 
A2 
**. 
Output 
= 512Z10~i.OO(x) 
x=l,2,3,., 
641{ 


CALC LOG: 


- 
clr 
no•.• l 
c.pb 
Jle 


LOG S'IOIlIl: 


- 
.hr 
addc 
add 
.t 


clr 
10. 


br 
LOG_STORR 


LOG IN RANGB: 
- 
- add 
ahft_cnt,ahft_CIlt,ahft_alt 


ptr,1:IIpr+3 
; ~t 
aignificaDt 
byte 
ie 
table 
pointer 
ptr,ptr,ptr 
; 


ptr,# 
LOG_TABLB-256 
; ptr= 
T8hle 
+ off.et 
(off.et=t.pr+3) 
U8e -256 
.iDee 
t.pr+3 
10 
always 
>= 128 


diff,#8 
log,dill 
10,,15 


log, 
#SCALB]ACTOR 
10.,zero 
log, 
Ft'T_OUT(kptr 
I 
log, 
Ft'T_OUT(kptr 
I 


BNDL 


log 
= log 
+ dill/256 


8192/32 
• 
20LOG(x) 
= 256 
• 
20LOG(x) 


Divide 
to prev~Dt overflow 
durinl 
averaging 
of 
outputs 
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IRR LOC 
OBJECT 
LIB 
SOUIICI STATIIMBNT 
320 
f 
••• 
••• 
CALC1ILATBSQUABB IIllOT ••• 
2443 
321 
CALC_SQRT: 
322 
2443 
0156 
323 
clr 
ah'ft_.cnt 
2445 
0f5624 
324 
Doml 
t1IIprt .bft _cat 
i NolWl1ize 
and aet 
oorwalizatloD 
factor 
325 
2448 
0705 
326 
Jue 
SQRT_IJI_1lAIlGIl 
; 
JUIII' if 
blpr 
> 0 


244A C04200 
1 
327 
et 
zero, aqrt+2 
2440 
2029 
328 
br 
SQRT_STOllll 
329 
r- 
244F 
330 
SQRT_IJI_1lAIlGIl: 
;- 
244F 
AC274B 
331 
Idba. 
ptr,bpr+3 
; _t 
oilllifiCllllt 
byte 
ie 
table 
pointer 
.. 
2452 
444B4141 
332 
edd 
ptr,ptr,ptr 
:i" 
2456 
65083941 
333 
edd 
ptr,. 
SO_TABU-2M 
; ptr= 
Table + offaet 
(offoet=tIopr+3 
) 
C 
334 
; Uoe -256 
eiDCe 
blpr+3 
ie 
elweya 
>= 128 
N 
245A &24F40 
335 
Id 
eqrt, 
[ptr]+ 
! 


2450 
&24144 
336 
Id 
DXtlOC, 
[ptr] 
;; 
Linear 
Interpolation 
337 
l/l 
2460 
684044 
338 
ellb 
mctloc,aqrt 
i DXtloc 
= 
eqrt 
- 
next 
eqrt 
i: 
339 
CO 
2463 
AC263C 
340 
Idba. 
diff, 
tIopr+2 
; diff+l 
= DXtlOC • 
tIopr+2 
/ 
256 
01 
2466 
6C443C 
341 
••.•lu 
diff,DXtlOC 
~ 
"1'1 
342 
N ~ 
2469 
AC303C 
343 
Idba. 
diff,diff+l 
i aqrt 
= aqrt 
+ delta 
(diff 
< Orrtl) 


.j:> 
'V 
246C 643C40 
344 
edd 
eqrt,diff 
U1 
"' 
34ll 
0 
246F 
44565656 
346 
edd 
ehft _cot. ahft _cnt t lIhft _cot 
C 
347 
"' 
II) 
2473 
6f57C83940 
348 
••.•lu 
eqrt, 
tab_eqr[ebft_CDt] 
i divide 
by DO~llz.tiOD 
factor 
3 
349 


'0 
350 
i; .ulu 
acta 
_ 
divide 
ai.oce 
it tllb2=Orrrra 
351 
j; 
aqrt 
would 
~ 
eu_tial,. UDCbmIced. 
0 
2478 
352 
SQRT_STORB: 
::J- 
2478 
080042 
1 
353 
ebr 
aqrt+2. 
fSCALE_FACTOR 
S' 
2478 
A4OO42 
1 
354 
eddc 
aqrt+2,zero 
; Divide 
to prevent 
overflow 
duriDf 
c: 
(I) 
2478 
674DOOO042 
1 
355 
add 
eqrt+2,FFT_OlIr[kptr) 
; averaatDa of output. 
S 
2483 
C340000042 
• 
355 
et 
eqrt+2,FI'T_OlIr[kptr) 
357 
358 
; 
"" 
*** 
BND or 
LOOP ••• 
359 
360 
.," 
960 
BIT. 
2488 
6502004C 
361 
IIO)L: 
edd 
kptr,*2 
24l1C 69020050 
362 
ellb 
D_a\i»_k,12 
2490 
OF0226B4 
363 
! 
bue 
UIU.ooP 
364 
2494 
Fa 
365 
lilT 


365 
$eject 
270189-41 


,,( 
I«:S-96 MACROASSIlMBLlB 
FFT_HUH 
02/18/86 
PAGS 
10 


IRR we 
08.JBCT 
LINK 
SOUIICBSTATBMBNT 
367 
;$noU.t 


3800 
368 
CSB'G AT 
38008 
I , I , 
U.e 2Jr:tor tel_ 
369 
3800 
370 
SRlV: 
i 2*bit 
revena} 
value 
371 
3800 0000200010003000 
372 
DCW 
2*0, 
2.16, 
288, 
2024, 
2*4, 
2*20, 
2*12, 
2*28 
3810 0400240014003400 
373 
DCW 
2*2, 
2*18, 
2*10, 
2*26, 
2*6, 
2*22, 
2*14, 
2*30 
3820 0200220012003200 
374 
DCW 
2*1, 
2*17, 
2*9, 
2*25, 
2*6, 
2*21, 
2*13, 
2*29 
38300600260016003600 
375 
DCW 
283, 
2*19, 
2*11, 
2827, 
287, 
2823, 
2*15, 
2*31 
376 
3840 
377 
SINrN: 
C 
3840 00008COCF9182825 
378 
DCW 
0, 
3212, 
6393, 
8612, 
12539, 
15446, 
18204, 
20787 
!. 
3860 825AFI626D6AB270 
379 
DCW 
23170, 
25329, 
27245, 
28898, 
30273, 
31356, 
. 32137, 
32609 
_. 
3860 FF7f617F897D7C7A 
380 
DCW 
32767, 
32609, 
32137, 
31356, 
30273, 
28898, 
27245, 
25329 
~ 
3870 825A33511C47563C 
381 
DCW 
23170, 
20787, 
18204, 
15446, 
12539, 
91H2, 
6393, 
3212 
I'\) 
3880 000074F3071108OA 
382 
DCW 
0, 
-3212, 
-6393, 
-8612, 
-12539, 
-15446, 
-18204, 
-20787 
I 
3890 7BASOF9D9386118F 
383 
DCW 
-23170, 
-25329, 
-27245, 
-28898, 
-30273, 
-31356, 
-32137, 
-32609 


)00 
38A0 01809F8077828486 
384 
DCW 
-32767, 
-32609, 
-32137, 
-31356, 
-30273, 
-28898, 
-27245, 
-25329 
(fl 
3980 7BA5CDABB4BBMC3 
385 
DCW 
-23170, 
-20787, 
-18204, 
-15446, 
-12539, 
-91H2, 
-6393, 
-3212 
== 
38CO 0000 
386 
DCW 
0 
~ 
387 
Ql 
3SC2 
388 
COSrN: 
~ 
I\) 
"'11 
3SC2 FF7f617F897D7C7A 
389 
DCW 
32767, 
32609, 
32137, 
31356, 
30273, 
28898, 
27245, 
25329 
'tI 
7' 
"'11 
3802 825A33511C47563C 
390 
DCW 
23170, 
20787, 
18204, 
15446, 
12539, 
8612, 
6393, 
3212 
I 
I\) 
-l 
3982 oo0074r30717D8OA 
391 
DeW 
0, 
-3212, 
-6393, 
-9512, 
-12539, 
-15446, 
-18204, 
-20787 
I\) 
~ 
'!l 
38F2 7IAS0F9D93951B8F 
392 
DCW 
-23170, 
-25329, 
-27245, 
-28898, 
-30273, 
-31356, 
-32137, 
-32609 
;;l 
o 
390201809F8077828485 
393 
DCW 
-32767, 
-32609, 
-32137, 
-31356, 
-30273, 
-28898, 
-27245, 
-25329 
(Q 
3912 7BA5CDABB4BBMC3 
394 
DCW 
-23170, 
-20787, 
-18204, 
-15446, 
-12539, 
-9512, 
-6393, 
-3212 
iil 
3922 0000SCOCF9182825 
395 
DCW 
0, 
3212, 
6393, 
9512, 
12539, 
15446, 
18204, 
20787 
3 
3932 825AFl626D6AB270 
396 
DCW 
23170, 
25329, 
27245, 
28898, 
30273, 
31356, 
32137, 
32609 
~ 
3942 FF7F 
397 
DCW 
32767 
o 
388 
o 
3944 
399 
1lIl: 
IlIl = COS(K*2PI/N) 
~. 
3944 FF7F897041766D6A 
400 
DCW 
32767, 
32137, 
30273, 
27245, 
23170, 
18204, 
12539, 
6393 
::3 
3954 000007B705CFB4B8 
401 
DCW 
0, 
-6393, 
-12539, 
-18204, 
-23170, 
-27245, 
-30273, 
-32137 
l5 
3964 01807782BF899395 
402 
DCW 
-32767, 
-32137, 
-30273, 
-27245, 
-23170, 
-18204, 
-12539, 
-6393 
a. 
3974 0000F918FB301C47 
403 
DCW 
0, 
6393, 
12539, 
18204, 
23170, 
27245, 
30273, 
32137 
~ 
3984 rF7F 
404 
DCW 
32767 
405 
3986 
406 
111: 
"., 
111= -SIN(K*2PI/N) 
3986 00OO07B705CFB4B8 
407 
DCW 
-0, 
-6393, 
-12539, 
-18204, 
-23170, 
-27245, 
-30273, 
-32137 
3996 01807782Br899395 
408 
DCW 
-32767, 
-32137, 
-30273, 
-27245, 
-23170, 
-18204, 
-12539, 
-6393 
39A6 00OOf918FB301C47 
409 
DCW 
0, 
6393, 
12539, 
18204, 
23170, 
27245, 
30273, 
32137 
3986 FF7F1197D41766D6A 
410 
DCW 
32767, 
32137, 
30273, 
27245, 
23170, 
18204, 
12539, 
6393 
39C6 0000 
411 
DCW 
0 
412 
.eJect 
270189-42 


_. 


02/18/86 
11 
, cf 


1«:8-96 
HACIlOASS_LBR 
FIT_RUN 
PAGIl 


IRR LOC 
OBJICT 
LIMB 
SOIlIlCI STATDmNT 
413 
414 
39C8 
415 
TAB_SOH: 
; 65535/C.qu 
•••.•• root of 2#S1IfT_CNTl 
; 
O<=SIIfT_CNT<32 
416 
417 
1 
2 
4 
8 
16 
32 
64 
128 
39C8 rrl'J04B50090825A 
418 
DCW 
65535, 
46340, 
32768, 
23170, 
16384, 
11585, 
8192, 
5793 
419 
420 
256 
512 
1024 
2048 
4096 
8192 
16384 
32768 
3908 
00 10500BOO08Al105 
421 
DCW 
4096, 
2896, 
2048, 
1448, 
1024, 
724, 
512, 
362 


422 
,... 
423 
65536, 
131072, 
262144, 
524288, 
in 
3988 
ooOlB50080005800 
424 
DCW 
256, 
181, 
128, 
91, 
64, 
45, 
32, 
23 
- 
39ra 
10oo0B0009000000 
425 
DCW 
16, 
11, 
8, 
6, 
4, 
3, 
2, 
1 
SO 
426 
10 
427 
N 
3A08 
428 
SO_TABLB: 
j 
.quare 
root 
of 
D * 2**24- 
H=l28, 
129, 
130 
••• 
255 
L 


429 
3A08 05B5BAB56BB62lB7 
430 
DCW 
46341, 
46522, 
46702, 
46881, 
47059, 
47237, 
47415, 
47591 
(J) 
3A18 97BA46BBF5BBASBC 
431 
DCW 
477~, 
47942, 
48117, 
48291, 
48465, 
48637, 
48809, 
48981 
I: 
3A28 OOCOAAC054C1FDC1 
432 
DCW 
49152, 
49322, 
49492, 
49661, 
49830, 
49998, 
50166, 
50332 
ID 
3AS8 43C519C581lC633C7 
433 
DCW 
50499, 
50665, 
50830, 
50995, 
51159, 
51323, 
51486, 
51649 
al 
3A48 63CA04CBA6CB46CC 
434 
DCW 
51811, 
51972, 
52134, 
52294, 
52454, 
52614, 
52773, 
52932 
):0 
~ 
"11 
3A58 62Croooo9DD03ADl 
435 
DCW 
53090, 
53248, 
53405, 
53562, 
53719, 
53874, 
54030, 
64185 
'tJ 
~ :!I 
3A68 44D4DBD4770511D6 
436 
DCW 
64340, 
64494, 
64647, 
64801, 
64964, 
55106, 
55258, 
55410 
I 
3A78 09D9AOD9360ACCDA 
437 
DCW 
55561, 
55712, 
55862, 
56012, 
56162, 
56311, 
56459, 
56608 
~ 
~ ~ 
...• 
-.J .. 
3A88 B4DD47DBDBDIl6BDF 
438 
DCW 
5~56, 
56903, 
57061, 
57198, 
57344, 
57490, 
57636, 
57781 
Ul 
0 
3A98 4612D7126713F713 
439 
DCW 
57926, 
58071, 
58215, 
58359, 
58503, 
58646, 
58789, 
58931 
10 
3AAB C1B64rB7DDB76AB8 
440 
DCW 
59073, 
59215, 
59357, 
59498, 
69639, 
59779, 
59919, 
6D059 
.. 
l» 
3AB8 27BBB2BB3DBCC7BC 
441 
DCW 
60199, 
60338, 
60477, 
60615, 
60764, 
60891, 
61029, 
61166 
3 
3ACS mroorosaro10Fl 
442 
DCW 
61303, 
61440, 
61576, 
61712, 
61848, 
61984, 
62119, 
62264 
0 
3AD8 B4F33Br4Clr446F5 
443 
DCW 
62388, 
62523, 
62657, 
62790, 
62924, 
63057, 
63190, 
63323 
0 
3AB8 Dm63F8B7F86AF9 
444 
DCW 
63455, 
63587, 
63719, 
63850, 
63982, 
64113, 
64243, 
64374 
;a 
3Ara 
ran7Arcnri::'loro 
445 
DCW 
64504. 
64634, 
64763, 
64893, 
66022, 
65151, 
66280. 
65408 
:i" 
446 
c: 
447 
teJect 


(1) 
270189-43 
.e, 


c: 
~ 
::l 
cc 


~ii: 
CQ 
a> 
I\) 
"11 
;;; :!l 


~ 
'1J 
co 
;; 
cc 
iil3oo::l 
S'c 
<D.e, 


_. 


I«:S-96 
MACROASS_LIH 
02/18/86 
PAGB 
12 
, et 


n'T_RUN 


RRR we 
OBJRCT 
LINIl 
SOURCRSTATIlIIRNT 
448 
3B08 
449 
LOG_TABLR: ; 
16384*10*LOG(n/128) 
n=l28,l29,l30 
.•. 
256 
450 
3B08 0000ZA024ro47006 
4S1 
DeW 
0, 
554, 
1103, 
1648, 
2190, 
2727, 
3260, 
3789 
3B18 DAlOR312R914RA16 
452 
DeW 
4314, 
4835, 
5353, 
5866, 
6376, 
6883, 
7386, 
7885 
3B28 BD20A92292247826 
4S3 
DeW 
8381. 
8873, 
9362, 
9848, 
10330, 
10810, 
11286. 
11758 
3B38 C42F973166333335 
454 
DeW 
12228, 
12695, 
13158, 
13619, 
14076, 
14531, 
14983, 
115432 
3648 
063BC13F7A413043 
455 
DeW 
15878. 
16321, 
16762. 
17200, 
17635, 
18067, 
18497, 
18925 
3B58 954B3C4DD14R8150 
455 
DeW 
19349, 
19772, 
20191, 
20609, 
21024, 
21436, 
21846. 
22254 


3B68 8468175AA85B365D 
457 
DeW 
22660. 
23063, 
23464, 
23862, 
24259, 
24553, 
25045, 
25435 


3B78 DR646066B0675D69 
458 
DeW 
25822, 
26208, 
26592, 
26973, 
27353, 
27730, 
28106. 
28479 
3B88 B370247294730275 
4S9 
DeW 
28851, 
29220, 
29588, 
29954, 
30318, 
30680, 
31040, 
31399 
r 
• 
3B98 OB7C6R71lCF7B21'8O 
460 
DeW 
31755. 
32110, 
32463, 
32815, 
33165, 
33512, 
33859, 
34203 
3BAS 128647889B89RDSA 
461 
DeW 
34546, 
34887, 
35227, 
35565. 
35902, 
36236, 
36570, 
36901 
3BB8 7091B8921l934595 
462 
DeW 
37232, 
37560, 
37887, 
38213, 
38537, 
38860, 
39181, 
39501 
3BC8 699BC89C049R3B9F 
463 
DeW 
39819, 
40136, 
40452, 
40766, 
41079, 
41390, 
41700, 
42009 
3BD8 4CAS7RA6AlA7DRAS 
454 
DeW 
42316, 
42622, 
42927. 
43230, 
43533, 
43633, 
44133, 
44431 
3BR8 B9ASROAl'07B12CB2 
455 
DeW 
44729, 
45024, 
45319, 
4S612, 
4S905, 
46196, 
46486, 
46774 
3BFS D6B714B811BA2DBB 
466 
DCIl 
47062, 
47348, 
47633. 
47917, 
48200, 
48482, 
48763, 
49042 
3C08 A9CO 
467 
DCIl 
49321 
468 
3COA 
469 
LOG_OllSRT: 
; 512*10*LOG(2**(15-n» 
n= 0,1,2.3 
.•. 
15 
~ 
470 
; 512*10*=(0.5) 
n= 16,17,18 
.•• 
31 
"0 
471 
I 
3COA 415A4AS4454R3148 
472 
DeW 
23119, 
21578, 
20037, 
18495, 
16954, 
15413, 
13871, 
12330 
N 
....• 
3ClA 252A2024lA1Bl518 
473 
DeW 
10789, 
9248, 
7706, 
6165, 
4624, 
3083, 
1541, 
0 
U'I 
474 
3C2A 
475 
RND 


ASS_LY 
COMPLBT1lD, 
NO RRROR(S) 
roUND. 
270189-44 


1he HASle 
program IS use<1as comments m the 


ASM96 program. Some of the variables in the ASM96 
program have slightly different names than their coun- 
ter-parts in the BASIC program. This was to make the 
comments fit into the ASM96 code. Highlights in this 
section of code are a table driven square root routine 
and log conversion routine which can easily be adapted 
for use by any program. 


Both the square root routine and the log conversion 
routine use the 32-bit value in the variable TMPR. The 
square root routine calculates the square root of that 
value in the variable SQRT+2, 
a 16-bit variable. In 


this program, the square root value is averaged and 
stored in a table. 


The log conversion routine divides the value in TMPR 
by 65536 (216) and uses table lookup to provide the 
common log. The result is a 16-bit number with the 
value 512 • 10 Log (TMPR/65536) stored in the vari- 
able LOG. This calculation is used to present the re- 
sults of the FFf in decibels instead of magnitude. With 
an input of 63095, the output is 512'48 dB. The graph 
program, (Section 10), prints the output value of the 
plot as INPUT/512 dB. 


The following descriptions of the ASM code point out 
some of the highlights and not-so-obviouscoding: 


Lines 1-104 initialize the code and declare variables. 
The input and output arrays of the program are de- 
clared external. Note that many of the registers are 


overJayaole, use cautton wnen Implememmg rms rou- 
tine with others with overlayable registers. 


Lines 116-124 calculate the power of W to be used. 
Note that KPTR is always incremented by 2. The mul- 
tiple right shift followed by the AND mask creates an 
even address and the indirect look to the BR (Bit Re- 
versal) table quickly calculates the power PWR. 


Lines 130-138 perform the complex multiplications. 
Since WIP and WRP range from - 32767 to + 32767, 
the multiplication is easy to handle. The automatic di- 
vide by two which occurs when using the upper word 
only of the 32-bit result is a feature in this case. 


Lines 144-163use right shifts for a fast divide, then add 
or subtract the desired variables and store them in the 
array. Note that the upper word of TMPR and TMPI 
is used, and the same array is used for both the input 
and output of the operations. 


Lines 165-189update the loop variables and then check 
for errors on the complex multiplications and addi- 
tions. If there are no overflowsat this time the data will 
run smoothly through the rest of the program. 


Lines 200-212load variables with values based on the 
bit reversed values of pointers. 


Lines 214-236 perform additions and subtractions to 
prepare for the next set of formulas. Note that XITMP 
and XRTMP are 32-bit values. 


inter 


Lines 240-260 perform multiplies and summations re- 
sulting in 32-bit variables. This saves a bit or two of 
accuracy. The upper words are then stored as the re- 
sults. 


Lines 263-272 generate the squared magnitude of the 
harmonic component as a 32-bit value. 


Lines 278-310 calculate 10 Log (TMPR/65536). 
The 


32-bit register TMPR 
is divided by 65536 so that the 


output range would be reasonable. 


First, the number is normalized. (It is shifted left until a 
I is in the most significant bit, the number of shifts 
required is placed in SHFT_CNT.) 
If it had to be 


shifted more than 15 times the output is set to zero. 


Next, the most significant BYTE is used as a reference 
for the look-up table, providing a 16-bit result. The next 
most significant BYTE is then used to perform linear 
interpolation between the referenced table value and 
the one above it. The interpolated value is added to the 
directly referenced one. 


The 16-bit result of this table look-up and interpolation 
is then added to the Log of the normalization factor, 
which is also stored in a table. This table look-up ap- 
proach works fast and only uses 290 bytes of table 
space. 


Lines 321-357 calculate the square root of the 32-bit 
register TMPR using a table look-up approach. 


First, the number is normalized. Next, the most signifi- 
cant BYTE is used as a reference for the look-up table, 
providing a 16-bit result. The next most significant 
BYTE is then used to perform linear interpolation be- 
tween the referenced table value and the one above it. 
The interpolated value is added to the directly refer- 
enced one. 


The 16-bit result of this table look-up and interpolation 
is then divided by the square root of the normalization 
factor, which is also stored in a table. This table look- 
up approach works fast and only uses 320 bytes of table 
space. The results are valid to near 14-bits, more than 
enough for the FFT algorithm. 


Lines 352-360 average the magnitude value, if multiple 
passes are being performed, and then store the value in 
the array. The loop-counters are incremented and the 
process repeats itself. 


This concludes the FFT routine. In order to use it, it 
must be called from a main program. The details for 
calling this routine are covered in the next section. 


8.0 
BACKGROUND 
CONTROL 


PROGRAM 


The main routine is shown in Listing 3. It begins with 
declarations that can be used in almost any program. 
Note that these are similar, but not identical, to other 
8096 include files that have been published. Comments 
on controlling the Analog to Digital converter routine 
follow the declarations. 


SERIES-Ill 
MCS-96 
MACRO ASSBMBLER, 
YI.O 


SOURCB FILE: 
: 12: F'DIAIN.A96 
OBJBCT 
FILl!: 
: 12: FTMAIN.OBJ 
CONTROLS 
SPBCIFIED 
IN 
INVOCATION 
C<MlAND: 
NOSB 


LINK 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
=1 
15 
=1 
16 
=1 
17 
=1 
18 
=1 
19 
=1 
20 
=1 
21 
=1 
22 
=1 
23 
=1 
24 
=1 
25 
=1 
26 
=1 
27 
=1 
28 
=1 
29 
=1 
30 
=1 
31 
=1 
32 
=1 
33 
=1 
34 
=1 
35 
=1 
36 


=1 
37 


=1 
38 
=1 
39 
=1 
40 


=1 
41 


SOURCB STATBMBNT 
$pageleolltb(50) 


FFT_MAIN_APNOTIl 
I«lDULB 
MAIN, 
STACKSIZE(6) 


This 
prorr_ 
pertorwa 
an FFT on real 
data 
and plota 
it 
on a printer. 


It 
U8e8 
the 
pro,ru 
ltOdule8 
A2DCON, PLOTSP, 
and I'fTRUN. 
The adjutable 
paraaetere 
of each of the 
profl'aaa 
are eet 
by this 
_in 
.adule. 


Copyright 
1985, 
Intel 
Corporation 
October 
28,1985 
by Ira 
HordeD, f«X) Application. 


ZBRO 
EQU 
OOb:I«lRD 
R/W 
Zero Regiater 
AD_C<MlAND 
EQU 
02H: 8YTll 
W 
A to 0 ~d 
regiater 
AD RBSULT 
10 
EQU 
02D: BYTll 
R 
Low byte 
of 
reaul t and 
ch8JU1el 
AD- RBSULT - DI 
EQU 
038: 
BYTll 
R 
Dlab 
byte 
of 
r ••• u1 t 
HS:tI«lDE 
- 
RQU 
03D:BYTB 
W 
Controls 
IISI trans! 
tion 
detector 
BSO TIMIl 
RQU 
04D:I«lRD 
W 
HSI 
tiloe 
tag 
HSI - TIMIl 
EQU 
04D:I«lRD 
R 
USO tiloe 
tag 
BSO- C<MlAND 
KQU 
068: 
BYTll 
W 
BSO c_d 
tag 
HSI-STATUS 
EQU 
06H: BYTll 
R 
IISI atatua: 
register 
(reacla 
fifo) 


SBuF 
EQU 
07D:BYTll 
R/W 
Serial 
port buffer 


INT_MASK 
EQU 
0811: BYTll 
R/W 
Interrupt 
auk register 


INT 
PENDING 
EQU 
098: 
BYTll 
R/W 
Interrupt 
pendin. 
register 


SPcON 
RQU 
lID: 
BYTE 
W 
Serial 
port control 
register 


SPSTAT 
EQU 
lID: 
BYTll 
R 
Serial 
port atatua 
register 
WATCBDOO 
RQU 
OAB:BYTll 
W 
Watchdog ti.er 
270189-45 


I«:S-96 
MACROASS_LlR 


ERR LOC 
OBJECT 


OOOA 
0000 
0001 
0001 
oooF 
0010 
0015 
0015 
0016 
0016 
0017 
0018 


LINK 
=1 
42 
=1 
43 
=1 
44 
=1 
45 
=1 
46 
=1 
47 
=1 
48 
=1 
49 
=1 
50 
=1 
51 
=1 
52 
=1 
53 


=1 
54 
=1 
55 
=1 
66 
=1 
57 


=1 
58 
=1 
59 


=1 
60 
=1 
61 
=1 
62 
=1 
63 
=1 
54 
=1 
65 
=1 
66 
=1 
67 
=1 
68 


=1 
69 
=1 
70 


=1 
71 
=1 
72 
=1 
73 
=1 
74 


=1 
75 
=1 
76 


=1 
77 
=1 
78 
79 
SO 
81 
82 
83 
84 
85 
86 
87 
88 


SO~ 
STAt'DmNT 
TIMBRI 
BQU 
OAB:!lORD 
TDlB82 
BQU 
oo8:WORD 


PORTO 
IQU 
01lB: BYTB 
BAUD RIG 
BQU 
OIH: BYTB 
PORTI 
BQU 
ora: 
BYTB 
PORT2 
BQU 
10H: BYTB 
lOCO 
BQU 
ISH: BYTB 
IOSO 
BQU 
ISH: BYTB 
lOCI 
BQU 
168: BYTB 


IOSI 
BQU 
168: BYTB 


_ 
COIiTIIOL 
BQU 
17H:BYTB 
SP - 
BQU 
188: !lORD 


R 
Tt.erl 
r.,.tater 
R 
Tbler2 re.iater 
R 
I/O 
port 
0 
1f 
aaud rate 
refiater 
R/W 
I/O 
port 
1 
R/W 
I/O 
port 
2 
W 
I/O control 
regiater 
0 
R 
I/O 
atat 
••• 
register 
0 
W 
I/O control 
regiater 
1 
R 
I/O 
atat 
••• 
regiater 
1 


W 
""" 
control re.l.ter 
R/W 
S)'IIt_ 
atack 
pointer 


PUBLIC 
ZBRO, AD_C<MWlD, AD_RBSULT_LO, AD_RESULT_HI, RSI_MODI, RSO_ TIMB, RSI_ TIMB 
PUBLIC 
RSO_C<MWlD 
PUBLIC 
RSI_STATUS, SBur, 
INT_MASI, INT]llIDINll,lIATCHDOO, 
TIMBRI, TIMIl82 
PUBLIC lAUD_RIG, 
PORTO, PORTl, 
PORT2,SPSTAT,SPCON,IOCO,IOCl,IOSO,IOSI 
PUBLIC __ 
CONTROL,SP,CR,LF 


AI 
(AI+l) 
BX 


:BYTB 
:BYTB 
:BYTB 


7 
OOOlOOOObj 
convert 
to 
Burro 
00101000b, 
doomload 
BUFFO 
•• 
PA!RBD SIGNBD data 


0080 
0080 
0080 
OOCO 


YFT_MAIH_APNOTE 


LIMB 


89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
llO 
III 
ll2 
ll3 
114 
ll5 
ll6 
ll7 
ll8 
ll9 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 


PLOT 
RBS 
PLOT-RBS 
2 


PLOT=MAX- 


256 
plot 
rea/2 
plot=rea*l45 


"'-ber of rights 
shifta 
perfonted on 


output 
of 
rIT. 
Uaed. to 
prevent 
overflow 
on __ 
tion 


t.preal: 
dal 
tJlp~: 
dal 
wndptr: 
daw 
varptr: 
daw 


fft_.ooe: 
dab 
error: 
dab 
avr 
CDt: 
dab 
PUBLIC error 
t 
ftt_aode 


DSBG at 
IIOb 


XRBAL: 
DBST Burf 
BASB: 
DSW 
64 
XIMAG 
equ- 
XRBAL+64 


PLOT 
IH: 
frr OuT: 
Burro_BASB: 
BUrrl_BASB: 


For I'fT routine 
For 
A2D routine 
For rrr routiue 


For 'n' routine 
lor 
A2D routine 
ror 
A2D routine 


I«::S-96 
MACROASSBMBLIlR 
FFT_MAIN_APHOTI 
02/18/86 
PAGI 
4 


IRR 
LOC 
OBJECT 
LINK 
SOURCI STATllMBNT 
134 
2080 
135 
CSBG AT 20808 
136 
137 
IXTRN 
INIT_OUTPUT, 
ORAW_GRAPH, CON_OUT 
i For Plot 
Routine 
138 
IXTRN 
FFT_CALC 
i For In routine 
139 
IXTRN 
A20_BUFF_llTIL 
i For A2D routine 
140 
2080 
AIOOOOl8 
R 
141 
LD 
SP,tsTACI 
2084 
A30100301C 
142 
LD 
AX,3000H 


2089 
143 
SBI_WAIT: 


2089 
101CI'D 
144 
dJnz 
aI,abe_wait 
; WAIT FOR SBI 
TO CLIlAR SUIAL 
PORT INTBRRIJPTS 
2011C 10lDFA 
145 
djnz 
o,.be_wait 
146 
r- 
208F 
lFOOOO 
I 
147 
BIGIN: 
CALL 
INIT _OUTPUT 
j 
Initialize 
aerial 
port 
in 
148 
..• 
2092 
149 
NBW_TRANSFO'''CSIT: 
5" 
2092 
BlOOOO 
R 
150 
Idb 
fft 
__ 
,tOOOOB 
; 
Bit 
0 - 
R••••I 
data 
/ 
Tabled 
datat 
1Ci 


151 
; 
Bit 
I 
- 
Windowed 
/ 
Unwindowedt 
152 
; 
Bit 
2 - 
1010' 
Mai"'2 
/ 
Mainitudet 
153 
; 
Bit 
3 - 
256*db 
plot 
/ 
Norul 
Plott 
~ 
2095 
BIOI02 
R 
154 
Idb 
avr_cot,.avr_DU8 
III 
2098 
0120 
155 
elr 
bx 
~ 
:S" 
209A 
C321000200 
156 
CLRRAM: .t 
zero, fft_out(bx} 
i clear tft -.gnitude 
array 
N 
J:I 
209F 
65020020 
157 
add 
bx,'2 
0 
20A3 
89400020 
158 
c.p 
bx,t64 
c.n 
c: 
.j>. 
~ 
20A7 
DIY! 
159 
bit 
CLRRAM 
::J 
160 
(D 
20A9 
300004 
R 
161 
C_loed: 
bbe 
fft 
__ 
, 0, do_tab 
i Branch if real 
data 
1a not 
UIIed 
0 
20AC 2819 
162 
CALL 
LOAD DATA 
0 
20AB 2002 
163 
br 
c_wiii 
::J 
164 
S· 
2080 
282F 
165 
do_tab: 
CALL 
TABLIl_LOAD 
C 
166 
<D 
20B2 
310002 
R 
167 
C_win: 
bbe 
ltt_.oo.e,I,calc 
i Branch 
if windowln, 
ie 
not 
U8ed 
..e, 
2085 
211C8 
168 
CALL 
DO_WINIlOW 
169 
20B7 
lFOOOO 
I 
170 
CALC: 
CALL 
FFT_CALC 
20BA 980001 
R 
171 
errtrp: 
capb 
error, 
zero 


20BD D7FB 
172 
Jne 
errtrp 
173 


20BF 
100205 
R 
174 
DJN2 
Bvr_cnt, 
LOAD_DATA 
j 
repeat 
for 
AVR_NlM 
COUDt. 


175 


2002 
lFOOOO 
I 
176 
CALL 
DRAW_GRAPH 
177 


2005 
27CB 
178 
BR 
NBW_TRANSFOIlM_SIT 
179 
$aJect 
270189-48 


1«:ll-96 
MACIlOASS_LBR 


IRR 
LOC 
0BJIlCT 


2OC7 


20C7 
81000" 


20CA 
20CA 811000 
20CD 910100 
2000 
Al32D000 


2004 
lFOOOO 
2007 
3FOOro 
... 
200A 
iii" 
200A 
812800 
~ 
2000 
11'0000 
3" 
2010 
1'0 
CI 
20111 
2011 
0120 
III 
2013 
A102211C 
~ 
3" 
2017 
A21022 
N 
::D 
20BA A210111 
0 
2010 
C3211100022 
U'I 
C 
201'2 
C321COOO11 
U'I 
~ 
3" 
201'7 
65020020 


CD 
201'8 
89400020 
0 
20,.,. 
DBB6 
0 
2101 
1'0 


~. 
2102 
~ 
C 
CD 
2102 
"F7FFF7FFF7FFF7F 
.s, 


2112 
"F7""F7FFF7"m" 
2122 
"F7FFF7FFF7FFF7" 
2132 
"1'7""1'7""1'7""1'7" 
2142 
0180018001800180 
2152 
0180018001800180 
2162 
0180018001800180 
2172 
0180018001800180 


LINE 


180 
181 
182 
183 
184 
185 
1 
186 
1 
117 
1 
188 
189 
1 
190 
1 
191 
192 
193 
1 
194 
B 
195 
196 
197 
198 
199 
2DO 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 


SIlT A20: 


- 
1db 
orb 
1d 


CALL 
Jbo 


DOWD_load: 


1db 
CALL 
HIlT 


;----- 
TABLIl LOAD: 


- 
clr 
Id 
load: 
1d 
1d 
ot 
ot 
add 


ClIp 
bIt 
RIlT 


control_a2d,'COD_bO 
coDtro1_02d.tol 
.-.pleJeriod,t50 


Set 
coDVerter 
for 
bufferO 
Convert channel 1 
100 
uo 
o_le 
period 


bx 
ax,'DATAO 
cx,[ax]+ 
dx, [lIXJ+ 
cx.xreol[bx] 
dx.xl.llq[bx] 
bX,'2 
bX,f64 
LOAD 


DATAO: 
; SQUARIl WAYB 


DCW 
32767. 
32767, 
32767. 
32767. 
32767. 
32767. 
32767. 
32767 
DCW 
32767 , 
32767, 
32767. 
32767. 
32767. 
32767. 
32767. 
32767 
DCW 
32767. 
32767. 
32767. 
32767. 
32767, 
32767, 
32767. 
32767 
DCW 
32767. 
32767. 
32767. 
32767. 
32767, 
32767, 
32767. 
32767 
DCW 
-32767. 
-32767. 
-32767, 
-32767. 
-32767, 
-32767. 
-32767. 
-32767 
DCW 
-32767. 
-32767. 
-32767, 
-32767. 
-32767. 
-32767, 
-32767. 
-32767 
DCW 
-32767, 
-32767, 
-32767, 
-32767. 
-32767. 
-32767. 
-32767. 
-32767 
DCW 
-32767, 
-32767, 
-32767, 
-32767. 
-32767, 
-32767. 
-32767. 
-32767 


$eject 


270189-49 


2182 
2182 
012C 
2184 
012B 
2186 
2186 
A32DBB211C 
2188 A32DC02120 
2190 
fB4F2FllO001C24 
2197 
fB4F2FCOO02028 
219B OD0124 
21A1 OD0128 
21"-4 C321'8OO026 
21A9 C32FC0002A 
21AB 6504002C 
21B2 6502002B 
21B6 89400021 
21BA D7CA 
21BC FO 


21BB 00004F003B01C102 
21CB Brl26617711CD421 
21DB 004045467C4C9352 
21BB 406D787136757078 
21fB 
rF7FB07FC47R3B7D 


220B 406D99668B632B5B 
221B 0040BA3983336C2D 
222B Brl2870BC90ABF07 
223B 0000 


_. 


02/18/86 
- 
l 
I«:S-96 
MACHOASSBMBLBR 
rl'T_MAIN_APIIOTB 
PAG8 


8RR toe 
OBJBCT 
LINS 
SOU!IC8 STATBMBNT 
255 
3000 
256 
CSBG AT 3DOOH 
; ADDITIONAL TABLBS 
lOR 
TBSTING 
257 
; SINS 7.0 
X 
3000 
258 
OATAl: 


3DOO 0000335189708270 
259 
DeW 
O. 
20787. 
32137, 
28898, 
12539, 
-9612,-27245,-32609 
3010 
78A574r31C477C7A 
260 
DeW 
-23170, 
-3212, 
18204, 
31356, 
30273, 
15446, 
-6393,-25329 
3020 
01SOOr9DOBB7563C 
261 
DeW 
-32767.-25329, 
-6392, 
15446, 
30273, 
31356, 
18204, 
-3212 
3030 
78A59r8093960SDA 
262 
DeW 
-23170,-32609,-27245, 
-9612, 
12539, 
28898, 
32137, 
20787 
3040 
000OCDAB7782188r 
263 
DeW 
-0, -20787, 
-32137, 
-28898, 
-12539, 
9612, 
27245, 
32609 
3050 
825A8COC84B88485 
264 
DeW 
23170, 
3212, -18204, 
-31356, 
-30273, 
-15448, 
6393, 
25329 
3D60 rnrrl62rB18MC3 
265 
DCW 
32767, 
25329. 
6392, -15446, 
-30273, 
-31356, 
-18204, 
3212 


3070 
825A6171'6D6A2825 
266 
DCW 
23170, 
32609, 
27245, 
9612, -12539, 
-28898, 
-32137, 
-20787 
267 
c: 
3080 
268 
DATA2: 
; SINS 7.5 
X 
III 
269 
.• 
3080 
0000r555617rcr66 
270 
DeW 
0, 
22005, 
32609, 
26319, 
6393, -16846, 
-31356, 
-29621 
5' 
3D90 05CFlr2B8270297C 
271 
DeW 
-12539. 
11039, 
28898, 
31785, 
18204, 
-4808,-25329,-32728 
CO 
3DAO 7BA5B8f933519C78 
272 
DeW 
-23170, 
-1608, 
20787, 
32412, 
27245, 
7962,-15446,-30852 
i 
3DBO Br8946C92825C96D 
273 
DeW 
-30273,-14010. 
9612, 
28105, 
32137, 
19619, 
-3212,-24279 
3DCO 018029A174r33r4C 
274 
DeW 
-32767 
,-24279, 
-3212, 
19619, 
32137. 
28105, 
9612,-14010 
i: 
3000 
BrB97C87AAC31Alr 
275 
DCW 
-30273, 
-30852, 
-15446, 
7962, 
27245, 
32412, 
20787, 
-1608 
III 
3D80 7BA528800f9D38BD 
276 
DeW 
-23170,-32728,-25329, 
-4808, 
18205, 
31785, 
28898, 
11039 
» 
~ 
5' 
30lO 
05Cr4B8C846533B8 
277 
DCW 
-12539, 
-29621, 
-31356, 
-16845, 
6393, 
26319, 
32609, 
22005 
-a 
N 
:xl 
278 
IN 
0 
3800 
279 
DATA3: 
; 
,707*SINI 
7. 5X 
-..a 
(J1 
c: 
-...J .• 
280 
U1 
:;- 
3800 
000OC63C0r5Mf48 
281 
DeW 
O. 
15558, 
23055. 
18607, 
4520, -11910, 
-22169, 
-20942 
CD 
3810 
5fD07clscr4rc857 
282 
DCW 
-8865, 
7804, 
20431, 
22472, 
12870. 
-3399,-17908,-23138 
0 
3820 
03C08rrB69398459 
283 
DeW 
-16381, 
-1137, 
14697, 
22916, 
19262, 
5629, -10921, 
-21812 
0 
3830 
65AC4fD9451A9B4D 
284 
DCW 
-21403, 
-9905, 
6725, 
19870, 
22721. 
13800, 
-2271,-17165 
a 
3840 
82A5r3BC21f7B835 
285 
DeW 
-23166.-17165. 
-2271, 
13800, 
22721, 
19870, 
6725, 
-9905 
5' 
3850 
65ACCCAA5805fD15 
286 
DCW 
-21403, 
-21812, 
-10920, 
5629, 
19262, 
22916, 
14696. 
-1137 
c 
3860 
03C098A5OCBAB9r2 
287 
DeW 
-16381,-23138,-17908, 
-3399, 
12871, 
22472, 
20431. 
7804 
<D 
3870 
5fDD32AB67A97ADl 
288 
DeW 
-8865,-20942, 
-22169, 
-11910, 
4520, 
18607, 
23055, 
15557 
.s 
289 
3880 
290 
OATA4: 
; 
,707*SINI(l1x) 
/16 
291 
3880 
0000fD04840472rr 
292 
DeW 
O. 
1277, 
1204, 
-142, 
-1338. 
-1119, 
282. 
1386 
3890 
00045CrB74'A69rc 
293 
DeW 
1024. 
-420, 
-1420, 
-919, 
554, 
1441, 
804, 
-683 
38AO 58FA55fD2403AI05 
294 
DeW 
-1446. 
-683. 
804, 
1441, 
554, 
-919, 
-1420, 
-420 
38BO 00046A05lAOlAlrB 
296 
DCW 
1024, 
1386, 
282, 
-1119, 
-1338, 
-142, 
1204, 
1277 
3SCO 000003FB4CrBSBOO 
296 
DeW 
-0, 
-1277, 
-1204, 
142, 
1338. 
1119, 
-282. 
-1386 
3800 
00rcA4018C059703 
297 
DCW 
-1024, 
420, 
1420, 
919, 
-554, -1441, 
-804, 
683 
3880 
A805AB02DCFC5rrA 
298 
DeW 
1448, 
683, 
-804, 
-1441, 
-554. 
919, 
1420, 
420 
38lO 
00rc96'AB6FB5f04 
299 
DeW 
-1024, 
-1386. 
-282, 
1119, 
1338. 
142, 
-1204, 
-1277 
300 
3lO0 
301 
OATA5: 
; 
.707*(SINI 
7.5X 
+ 1/16 
SINI 
llX) 
270189-51 


!I:S-96 
MACROASS_LIB 


BRR LOC 
08.JllCT 


3roo 
OOOOC241C35B2148 
3FlO 5BBID81C434A3154 
3F20 5BBAB5l881l3C245r 
3r30 
6I5BOB9DB5rlB3r49 
3r40 
82Al5t'6B76Dr27636 
3r50 
65A870ACB4DA9419 
3r60 
ABC54lIA8B8B618BD 
3"0 
5I'D9C8A84DA8D9D5 


rJ'T_MAIH_APNOTB 


LIMB 
302 
303 
304 
3015 
3Ol5 
307 
308 
309 
310 
311 
312 
313 


DCW 
0, 
16834, 
24259, 
18465, 
3182,-13029,-21886,-19657 
DCW 
-7842, 
7384, 
19011, 
21553, 
13425, 
-1968,-17103,-23821 
DCW 
-17829, 
-1819, 
lM01, 
24356, 
19816, 
4710,-12341,-22232 
DCW 
-20379, 
-9619, 
7007, 
18751, 
21383, 
136158, -1067,-15888 
DCW 
-23166,-18442, 
-3475, 
13942, 
24059, 
20990, 
6442,-11290 
DCW 
-22427,-21392, 
-9600, 
61548, 18708, 
21475, 
13892, 
-454 
DCW 
-14933,-22456,-18712, 
-4840, 
12317, 
23391, 
21851, 
8225 
DCW 
-9889,-22328,-22451,-10791, 
5967, 
18749, 
21961, 
14281 


INPUT FILES: 
: F2: F'lMAIN. 08.1• 
: F2: FFl'RlJIl. 08.1• 
: F2: PLOTSP.08.1. 
: F2: A2DC0N.08.1 


OUTPUT FILE: 
:F2:FrTOUT 


CONTROLSSPBCIFIIID 
IN 
IIlVOCATION 
c<MlAND: 
IX 


INPUT f«)DULBS INCLUDBD: 


: F2: F'lMAIN.08.1(FFT_MAIN_APNOTB) 
02/18/86 


: F2: FFl'RlJIl. 0B.1(FFT_RUN) 
02/18/86 
: F2: PLOTSP.08.1(PLOT 
SBRIAL) 
02/18/86 


: F2: A2DC0N.OB.1(A2D_BUFFBRING_UTILITY) 
02/18/86 


**RBSBRVBD* 
OOOOH 
OOIAK 
RBG 
OOIAK 
00018 
BYTB 
PLOT_SBRIAL 


••* GAP *** 
OOIBB 
00018 
RBG 
OOICH 
OOOBB 
AKSOLUTB 
FFT_MAIN_APNOTB 
OYRLY 
0024B 
0035B 
AKSOLUTB 
FFT RUN 


UOYBRLAP** 
OYRLY 
0024B 
OOIOB 
ABSOLUTB 
PLOT_SBRIAL 


.*OVBRLAP** 
OYRLY 
0024B 
OOOCB 
ABSOLUTB 
FFT_MAIN_APNOTB 
••* GAP .** 
00598 
OOOIR 
OYRLY 
005AK 
00068 
WORD 
A2D BUFFBRING UTILITY 
RBG 
OO6OB 
OOOC8 
WORD 
A2D=BUFFBRING=UTILITY 
RBG 
00SC8 
ooo3B 
BYTB 
FFT_MAIN_APNOTB 
*.* GAP *•• 
006FH 
00118 
DATA 
00808 
00808 
ABSOLUTB 
FFT_MAIN_APNOTB 
STACI[ 
01008 
001B8 
WORD 
DATA 
01lB8 
00808 
WORD 
FPT_RIlN 


*** GAP *** 
01988 
00628 
DATA 
02008 
01408 
ABSOLUTB 
FFT_MAIN_APNOTB 


*** 
GAP **. 
03408 
lCC2B 
CODB 
20028 
00028 
ABSOLUTIl 
A2D_BurnmING_UTILITY 


*** GAP *** 
20048 
007C8 
CODB 
2080B 
01C08 
ABSOLUTIl 
FFT_MAIN_APNOTB 


••• 
GAP ••• 
22408 
00408 
CODB 
22808 
02158 
ABSOLUTB 
FPT_RUN 


••• 
GAP .*. 
24958 
00688 


CODB 
25008 
016BB 
ABSOLUTB 
PLOT_SBRIAL 
CODB 
2668R 
OOKe8 
BlTB 
A2D_BUFFBRING_UTILITY 
**. GAP *.* 
2754B 
10ACH 
CODB 
38008 
042AH 
ABSOLUTB 
rrT_RUN 
*•• GAP •• * 
3C2AB 
OOD68 
CODB 
3D008 
02808 
ABSOLUTll 
FFT_MAIN_APNOTB 


*** 
GAP **. 
3F808 
C0808 
270189-53 


listing 3-Maln 
Routine (Continued) 


Severalconstants are then setup for other routines. The 
purpose of centrally locating these constants was the 
ease of modifying the operation of the routines. Note 
that AV~NUM 
and SCALE_FACTOR 
must be 


changed at the same time. SCALE-FACTOR 
is the 


shift count used to divide each FFT output value before 
it is added to the output array. AV~NUM 
must be 


less than 2"SCALE_FACTOR 
or an overflow could 


occur. Next, the public variables are declared for the 
arrays and a few other parameters. 


The program then begins by setting the stack pointer 
and waiting for the SBE-96 to finish talking to the ter- 
minal. If this is not done, there may be serial port inter- 
rupts occurring for the first twenty five millisecondsof 
program operation. 


Initialization of the plotter is next, followed by setting 
the FFT_MODE 
byte. This byte controls the graph- 


ing, loading and magnitude calculation of the FFT 
data. Since FFT_MODE 
is declared PUBLIC in this 


module, and EXTERNAL in the PLOT module and 
FFTRUN module, the extra bits available in this byte 
can be used for future enhancements. 


The next step is to clear the FFT output array. Since 
the FFT program can be set to average its results by 
dividing the output before adding it to the magnitude 
array, the array must be cleared before beginning the 
program. 


Data is then loaded into into the FFT input array by 
the code at LOAD-DATA, 
or the code at TABLE_ 


LOAD, depending on the value of FFT_MODE 
bit O. 
The tabled data located at DATAO is a square wave of 
magnitude 1. This waveform provides a reasonable test 
of the FFT algorithm, as many harmonics are generat- 
ed. The results are also easy to check as the pattern 
contains half zeros, imaginary values which are always 
the same, and real values which decrease. Figure 13 
shows the output in fractions, hexadecimal and deci- 
mal. The hexadecimal and decimal values are based on 
an output of 16384being equal to 1.00. 


The divide by 65536 is used for the dB scale to provide 
a reasonable range for calculations. If this was not 
done, a 32-bit LOG function would have been needed. 


After the data is loaded, the data is optionally win- 
dowed, based on FFT_MODE 
bit I, and the FFT pro- 


gram is called. Once the loop has been performed 
AV~CNT 
times, the graph is drawn by the plot rou- 


tine. 


Appended to the main routine is the FFTOUT.M96 
Listing. This is provided by the relocator and linker, 
RL96. With this listing and the main program, it is 
possible to determine which sections of code are at 
which addresses. 


Using the modular programming methods employed 
here, it is reasonably easy to debug code. By emulating 
the program in a relatively high level language, each 
routine can be checked for functionality against a 
known standard. The closer the high level implementa- 
tion matches the ASM96 version, the more possible 
checkpoints there are between the two routines. 


Once all of the program routines (modules) can be 
shown to work individually, the main program should 
work unless there is unwanted interaction between the 
modules. These interactions can be checked by verify- 
ing the inputs and outputs of each module. The assem- 
bly language locations to perform the program breaks 
can be retrieved by absolutely locating the main mod- 
ule. The other modules can be dynamically located by 
RL96. 


The more interactive program modules are, the more 
difficult the program becomes to debug. This is espe- 
cially true when multiple interrupts are occurring, and 
several of the interrupt routines are themselves inter- 
ruptable. In these cases, it may be necessary to use de- 
bugging equipment with trace capability, like the 
VLSiCE-96. If this type of equipment is not available, 
then using I/O ports to indicate the entering and leav- 
ing of each routine may be useful. In this way it will be 
possibleto watch the action of the program on an oscil- 
loscopeor logicanalyzer. There are several places with- 
in this code that I/O port toggling has been used as an 
aid to debugging the program. These lines of code are 
marked "FOR INDICATION ONLY." 


intJ 


K 
Fractional 
dB 
Decimal 
Hexadecimal 


REAL 
IMAG 
MAG2 
REAL 
IMAG 
MAG2 
REAL 
IMAG 
MAG2 


0 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 


1 
0.0625 
-1.2722 
1.2738 
38.225 
1024 
-20843 
20868 
400 
AE95 
5184 
2 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
3 
0.0625 
-0.4213 
0.4260 
28.710 
1024 
-6903 
6978 
400 
E509 
1B42 
4 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
5 
0.0625 
-0.2495 
0.2572 
24.329 
1024 
-4088 
4214 
400 
F008 
1076 
6 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
7 
0.0625 
-0.1747 
0.1855 
21.491 
1024 
-2862 
3039 
400 
F402 
BOF 
8 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
9 
0.0625 
-0.1321 
0.1462 
19.421 
1024 
-2165 
2395 
400 
F78B 
95B 


10 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
11 
0.0625 
-0.1043 
0.1216 
17.820 
1024 
-1708 
1992 
400 
F954 
7C8 
12 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
13 
0.0625 
-0.0843 
0.1049 
16.540 
1024 
-1381 
1719 
400 
FA9B 
6B7 
14 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
15 
0.0625 
-0.0690 
0.0931 
15.499 
1024 
-1130 
1525 
400 
FB96 
5F5 
16 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
17 
0.0625 
-0.0566 
0.0844 
14.645 
1024 
-928 
1382 
400 
FC60 
566 
18 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
19 
0.0625 
-0.0464 
0.0778 
13.944 
1024 
-759 
1275 
400 
F009 
4FB 
20 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
21 
0.0625 
-0.0375 
0.0729 
13.374 
1024 
-614 
1194 
400 
F09A 
4AA 
22 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
23 
0.0625 
-0.0296 
0.0691 
12.918 
1024 
-484 
1133 
400 
FE1C 
460 
24 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
25 
0.0625 
-0.0224 
0.0664 
12.564 
1024 
-366 
1088 
400 
FE92 
440 
26 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
27 
0.0625 
-0.0157 
0.0644 
12.305 
1024 
-256 
1056 
400 
FFOO 
420 
28 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
29 
0.0625 
-0.0093 
0.0632 
12.135 
1024 
-152 
1035 
400 
FF68 
40B 
30 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
31 
0.0625 
-0.0031 
0.0626 
12.051 
1024 
-50 
1025 
400 
FFCE 
401 


9.0 ANALOG 
TO DIGITAL 


CONVERTER 
MODULE 


can then be downloaded to another buffer, such as the 
input buffer to the FFf program. During downloading, 
this module can convert the data into signed or un- 
signed formats, and fIll a linear or a paired array. A 
paired array is like the one used in the FFf 
transform 


program. It requires N data points placed alternately in 
two arrays, one starting at zero and the other at N/2. 


The module presented in Listing 4 is a general purpose 
one which converts analog values under interrupt con- 
trol and stores them in one of two buffers. These buffers 


SBRII8- III 
1«:8-96 MACIIOASS_LU, 
Yl. 0 


SOURCBrILl: 
: F2: A2DC0N.A96 
08JBCT rILl: 
: F2: A2DCON.OBJ 


CONTROLSSPBCIFIBD IN INVOCATIONCOIIlAND:NOSB 


Intel 
Corporation, 
July 
16, 
1985 
by Dave 1IyeD, Iotel 
ApplicetioDe 
B~1Deer 


TIli. 
utility 
fill. 
a -rr 
buffer 
with 
AID cooveraion 
reeult.. 
The 
coDvereiona 
are 
dODe UDder interrupt 
control, 
end are 
initiated 
when 
A2D Bun' util 
i. called. 
The re8ult. 
of 
the 
coover-lODe 
are 
placed 
io One of 
two buffera, 
celled 
Burro 
end BUFn. 


Tble 
utility 
providea 
optiooa 
for 
the 
.election 
of 
the 
buffer 
l~, 
data 
to~t, 
.~le 
period, 
CODveraion 
ehaDDel and. tiM 
bMe. 
'!be utility 
aleo 
U. a do•• load routiDe 
that will 
load either 
buffer 
into 
a register 
file 
butfer. 
OUtput fOrMt. 
caD also 
be cboaea. 
for 
the downloaded butfer. 
The 
data caD be torwatted 
as .ilDed 
or uui~ed 
linear 
or parted 
arraya. 


Rather than uae the 
STACKto paN 
controls, 
this 
utility 
get. 
ita 
directiona 
t~ 
2 control 
warda in -.ory. 
The utility 
expect. 
that it. control 
woret. 
•••• valid 
at 
the 
tI.e 
A2D_Burr_Util 
le 
celled 
end .-.io 
valid 
tbrouebout 
AID interrupt 
executiooe 
aDd dotmloeda. 
The control 
warda 
are: 


CbeDDel Nllllber 
SilDec! Reault/UnailDec! 
Reaultf 
CODvert/DowDloadt 
Burrl/BUFm. 
for 
cooveraiollS 
BUFro/BUFn. 
for 
dowoloecla 


Linear/Paired' 
CODverter 
BUSY/IDLEt 


C 
lIJ.• 
S' 
0 
t~.• 
0 
00 
0 
I\) 
~ 
~ 
< 
N 
ID 
m 
::l 
to) 
ID..• 
:II 
0c:.• 
S- 
ID 
'003- 
:rc: 
(l)S 


I«:S-96 
MACIIOASS_18K 


IRK we 
OBJBCT 


The 
followin, 
18 a 
table 
of 
equatea 
that 
can 
be 
uaed 
to 
oiJlplify 
the 
bit 
diddlin, 
require.enta. 
If you are not runnin, 
coDveraioDli 
concurrently 
with 
downloada, 
aI_yo 
LDB Control_A2D 
with 
the 
foll""i". 
c_d 
then 
ORBControl_A2D 
with 
the 
channel 
nu.ber 
you ",lab 
to 
convert 
if 
you are 
aterting 
a cODveraion. 


Once 
the 
utility 
18 called, 
care 
.,..t 
be 
teken 
when 
Control 
A2d 
is 
lIOditied.. 
You CaD cau.e 
downloads to 
occur 
whUe 
conversion. 
are 
nmnin'l 
but you cannot 
atart 
conver.tona 
durin, 
a downloed. 
To do thie, 
ORBto 
the 


control 
byte 
with 
the 
appropriate 
bita 
aet. 
Do NOTchaD,. 
the Burr bit 
or 


the 
BUSY bit, 
Juat 
oet 
the 
download 
bit 
and 
oet 
the 
data 
fo •.•• t 
bite 
to 
the 


correct 
velUN. 


The BUFf bit 
has opposite 
definitiona 
for 
convenions 
and downloada. 
Thi • 
• Uowe 
coDveraioDa 
to 
be dODe into 
Burro while 
dowDloada 
cc.e 
(rea surrl, 
and 
vice vena . 


:dUllP_bO_I_u 
;dUllP_bl_l_u 
: dUlIP_bO..p_ u 
:dUlIP_bl"p_u 
:dUlIP 
bO I ° 
:dUllp=bl=(o 
: dUlIP_bO..p_o 
;dUllP_b1"p_o 


OllOOOOOb 
OIOOOOOOb 
OOIOOOOOb 
00000000b 
OllOIOOOb 
OIOOIOOOb 
OOIOIOOOb 
OOOOIOOOb 


download 
BUFfO 
•• 
LINBAR USIONIlD data 
BurFl 
• 
Burro 
• 
PAIRBD 
BUrrI 
• 


download 
Burro 
•• 
LINBAR SIONIlD 
data 
BUFFI" 
" 
BUFfO 
• 
PAIRBD 
BurrI 
• 


The bue 
addresaes 
and len(th 
of each CODveraionbuffer 
and the deatination 
buffer 
are 
DICLA/lIlDIXTRIlal iD tbia 
utility. 
Other 
optiooa 
auch 
••• aelectioD 
of the tbler 
uaeel u 
a tillebue. 
the 
length 
of the buffer, 
and the effective 
ntmber of bit. 
in the reported. reault 
are aet 
at uae.bly 
tiMt throulb 
uae 
of IOUatee in this 
.:Jdule. 


The following 
pare.etera 
need to be provided 
at .sellbly 
or link 
t1.Jle. 
The buffer 
b••••• 
are 
cleclared 
IlTR!lal 
by thia 
utility, 
while 
the 
buffer 
leD~h 
ahift 
COUDtaDd &SOc-.Ia 
are 
EQuated. 


BUfFO_BASI 
BUlFI BASI 
DISTjiUlF _BASI 


The atartiDg 
eddreaa 
of 
BUfFO 
The atartiDg 
_a 
of 
BUlF! 
The atartiDg 
addr""a 
of 
the 
dowDload 


; tar,et 
buffer. 


The nUllber of tiltea 
that 
the converaion 
reeul t 
i. 
to be ahifted 
rigbt 
fr'" 
Ita 
Datorel 
left 
justified 
pa.ition. 
Settin, 
a ahift 
count areater 
than 6 will 
reault 
ID lost 
bita 
to 
the 
right. 
ROUDdiDgia 
NOT 
done. 


Sa.plee 
are atored 
u 
worda in the buffera. 
The proar_ 
.tor_ 
converaions 
linearly 
in BUFFOaDd Burfl, 
aDd linearl)' 
or paired 
in the 
destination 
buffer 
811 aelected. 
If 
the download i8 
to be paired, 
the firat 
aaple 
is 
placed 
in location 
DIST_Burf_BASB,the second semple ia placed 
in 
locatioD 
(DIST_BUlF_BASI + BUlF_LBIlGTB), the 
third 
iD (DIST_BUIT_BASI + 2), 
the 
fourth 
iD (DIST_BUlF_BASI + 2 + BUlF_LBIlGTB),etc • 


• eject 


Whena utility 
call 
directs 
the initiation 
of a set 
of A2Dconversions, 
the 
first 
converaion 
ia begun at 
approx~tely 
oDe 8.ple 
tilte 
plus 50 state 
tiaes 
fro-. when the utility 
wu called. 
This •• 8l111eSthat 
no interrupts 
Bre 
present. 


The conversion 
busy bit 
is 
set 
approxt.ately 
50 state 
timea after 
8 call 
to the utility, 
if 
the convert 
bit 
W8lI set 
in the A2DControl 
byte. 
The 
busy hit 
i. cleared. after 
all 
conversion 
results 
have-been stored 
in the 
result 
buffer 
designated 
(BurfO 
or BurFI). 


Take great 
care 
in JIOdifying the A2D_Control byte to do a download while 
conversions 
are takin. 
place. 
You can never download a buffer 
that 
is 


j being converted 
into. 
The results 
would be invalid. 


$eject 


0000 


0002 
0004 
0006 
0008 


0009 
0003 
0004 
0005 


0006 
0080 


BXTRN Buyro_BASB, 
Buyrl_BASB, 
DBST_BUYr_BASB 
BXTRN ad ~, 
ad 
rMult 
10, 
ad 
reIIult 
hi 


BXTRM Mo_~d, 
b8o_tiJle:.p 
- 
- 


Buyr 
LENGTH 


Shift 
Count 
CLOCK- 


64 
1 
TIMBRl 


TIMBRl 
equ 
OAR 
T2CLE 
equ 
OCR 


MASK 
equ 
(10htCLOCK)AHD(40h) 


Start_A2D 
equ 
(OOOOllllb 
)OR(MASK) 


: IItart 
a2d baaed 
on t iaer 
I, 
DO 
interrupt 


RSO_O_Low 
equ 
(OOOOOOOOb)OR(MASK) 
; aake 
MO.O 
low 
baaed 
OD tillerl 
DO interrupt 


IISO_O_Righ 
equ 
(0010000Ob)OR(MASK) 
i llake 
MO.O 
hi 
baaed on ti.erl 
no interrupt 


aducte>lpO: 
DSW 
aducteapl: 
OSW 
top_of_buffer: 
DSW 
IIB11ple_count: 
DSB 


1j 
teap register. 
for conversion 
caUa 
1 
1 
1 


OS8 
1i the byte 
that 
control. 
the utility 
execution 
DrOB 
aqu 
3 
SlllDed/Unaigned# 
COD Own equ 
4 
; Convert/Download' 
BO il 
equ 
5 
; Buffl/BuffOl 
for 
conversions 


- 
; 
Bufto/BuffU 
for 
downloads 
LiD_Par equ 
6 
j 
Linear/Paired' 
Buay 
equ 
10000000B 
; Bit 
8 


I«:S-96 
IIACIIOASS_LIft 


IRR 
LOC 
OBJICT 


סס oo 


C 
0000 


litסס oo 
.• 
0002 
5' 
0004 
C 
t 
2002 
)lo.• 
0 
0 
2002 
ACoo 
0 
0 
~ 
~סס oo 
< 


'" 


CD 
en 
~ 
-..J 
CD.. 
:II 
0So 
5' 
CD 
0 
0 
~ 
::lc: 
<DS, 


I; 
the 
wont 
that 
epecifi.. 
the 
D.-ber 
of 
clock 
tic:b 
; that 
el_ 
bet_ 
e.cb 
e_le 


PUBLIC 
CODtroI_A2D. 
S_Ie_Period 


erc-Ptr: 
DSW 
1; .OM! overla)'tlble 
te.p ret1etera 
te.p 
eet 
ercJtr:WOID 
deet...ptr: 
DSW 
I 
IOGP_COUDt: 
DSW 
1 


PUBLIC 
A2D_DONI_Vector 


_ 
A2D_DONI_Vec:tor 


1IlS-96 
IIACIlO ASS_LIft 
A2D_BurrIlIIIIIll_ 
lIrILITJ 
02/18/86 
P- 


II1II LOC 
OBJKCT 
LIN! 
SOUIICIl STATDmft 
207 
ססoo 
208 
A2D_Burr_UtU: 


209 


ססoo 
3C0962 
R 
210 
JIB 
Coatrol_A2D, 
COIl_DIm, Couvert 
; Select 
CODvert 
or dowDload 
0003 
211 
_loec1: 
0003 
Aloooooo 
I 
212 
LD 
",c..J>tr 
••• urrl_BASI 
0007 
350904 
R 
213 
JIC 
Coatrol_A2D. 80_81, 
Set_Data_'orwat 
214 
oooA 
215 
_loec1 
luno: 


C 
oooA 
AlOOOOOO 
I 
216 
LD 
arc-ptr.fttJn'O_BASI 
III 
217 
- 
218 
S" 
0001 
219 
Set Data J'orwat: 
; eJaoo.e linear or peired 
CO 
0001 
Al00ooo2 
I 
220 
- 
LD 
deat..J>tr. 
tDlST_Burr 
_BASI 
t 


0012 
Bl4004 
R 
221 
LDB 
loop _COUDt. 'Burr_LIlIIOTII 
0015 
38091D 
R 
222 
JIB 
Coatrol_A2D, 
LiD_Par, 
Li ••••••._data_l00p 
223 
- 
224 
0 
0018 
180104 
R 
225 
PAlJlIlD: 
SBRB 
l00p_COUDt.'l 
; 
the 
paired 
data 
rouUDa 
••• _ 
1/2 
0 
226 
; _ an" 
l00pe 
_ 
the 
UDpaired 
0 
0018 
227 
Paired_Data_loop: 


0 
00lB 
A2OOO0 
R 
228 
LD 
adudt-a.larc_ptr)+ 
j 
Move eVeD 
word 
~ 
::J 
0018 
C20200 
R 
229 
ST 
_-a.ldeat..J>tr) 
< 
0021 
65400002 
R 
230 
ADD 
deat_ptr 
••• urr _ LIlIIOTII 
; 
Leqth 
= , 
of 
worda 
= 1/2 
, 
of 
bTt_ 
r\) 
CD~ 
231 
(l) 
CD 
0025 
.&20000 
R 
232 
LD 
adudteopO. 
[arc..J>tr)+ 
; Move odd word 
ex> 
..• 
0028 
C20200 
R 
233 
ST 
adudt-a.ldeat..J>tr]+ 
:D 
0028 
69400002 
R 
234 
SUB 
deat..J>tr.'Burr_LIlIlllTB 
0 
235 
C- 
002rllOO4l9 
R 
236 
DJIlZ 
l00p_COUDt. 
Paired_Data_loop 
; 
Loop 
UDtU 
_ 
S" 
237 
CD 
0032 
280D 
238 
CALL 
CODvert_Data 
'0 
0034 
Fa 
239 
HIT 
0 
240 
~. 
241 
:3 
0035 
242 
Lioeer 
_Data_loop: 
; Move 
data 
11 ••••••. 1" 
c: 
0035 
A2DOOO 
R 
243 
LD --a. [arc..J>tr]+ 
CD 
0038 
C20200 
R 
244 
ST 
-...,0. [deat..J>tr]+ 
S 
245 
0038 
BOO4r7 
R 
246 
DJIlZ 
loop_COUDt. 
Lioeer_Data_loop 
; 
Loop 
UDtU 
cIoDa 
247 
0038 
2801 
248 
CALL 
Convert_Data 
0040 
Fa 
249 
HIT 
250 
$eject 
270189-60 


_a 


1'IlS-96 
IlACIIO ASS_Ll8 
A2D_8UFI'IlIIIIlll_UTILITY 
02/18/86 
p- 
8 
I 
I cf 


BRR toe 
08JIICT 
LIMB 
SOUllCB STATIIMIlNT 
251 
0041 
252 
Convert_Data: 
; Coavert 
tbe 
data 
in 
tbe 
_tiDati 
••• butter 
253 
0041 
AI400004 
8 
254 
LD 
loop _COllDt. #Burr_LIIlllTB 
0048 
AlOOOOOO 
I 
255 
LD 
oreJ>tr 
,#OIST_8UFr 
_8ASI 
256 
0049 
A20000 
8 
257 
.\Cain: 
LD 
adudt.-pO. 
[are _ptr 
J 
004C 
7lCOOO 
8 
258 
AND8 
-01lI'O. 
#llOOOOOOb 
OO4r 
330909 
8 
259 
JBC 
CODtrol_A2D, 
Dforw. 
UDaianed_lleIIult 


C 
260 


III 
0052 
261 
SilDed_S-u1t: 
- 
0052 
691071'00 
8 
262 
SUB 
_OIII'O.t7feOR 
S" 
0056 
OAOlOO 
R 
263 
SRRA 
edudtOlll'O. 
#Sbi ft _CO\lDt 
10 
00592003 
264 
88 
Replace_S_le 
t 


266 
0058 
266 
lJDoilDed_S-wt: 


0058 
080100 
8 
267 
SRR 
adudtOlll'O. 
#Sbift_CollDt 
- 
268 
0 
0051 
269 
Replace_Saple: 
C 
0051 
C20000 
R 
270 
ST 
adudtOlll'O. 
[areJ>trl+ 
0 
0061 
100415 
R 
271 
DJNZ 
loop_COUDt, ".ia 
; 
Loop 
IlDtil 
doae 
0 
272 
)ao 
~ 
::J 
0064 
ro 
273 
HIT 
< 
'V 
r\) 
CD 
274 
. 
::t 
275 
N 
m 
....• 
CO 
CD 
0066 
276 
Coavert: 
;; 
Prepare 
to 
Start 
ConveraiODa 
en 
.. 
277 
:JJ 
0065 
12 
278 
P\JSRr 
0 
279 
C- 
0066 
918009 
R 
280 
ORB 
Control_A2D, 
'Buay 
; aet 
CODVerter b•• ,. bit 
S" 
261 
CD 
0069 
813F08 
R 
282 
LDB 
s.-ple_couot,'BUIT_LIMJ'I'R 
- 1 
0 
006C 
AlOOOOO6 
I 
283 
LD 
top_of 
_buffer. 
'BUFro_BASI 
0 
0070 
AllIOOOO4 
B 
284 
LD 
educt_I.#(BtJn'O_BASI 
+ 2*1lurr_LIIlllTR) 
a 
285 
~ 
0074 
350908 
R 
2lI6 
JBC 
control_A2D, 
DO_Bl, 
Start_Converalema 
c: 
0077 
AlOOOOO6 
B 
287 
LD 
top_of 
_buffer. 
#Burrl_BASI 
CD 
.s. 
007B 
AllIOOOO4 
I 
288 
LD 
odIIct_I.'(BUFrI_BASI 
+ 2oBurr_LIIlllTB) 
289 
.eJect 


270189-61 


OO1r 


007r 
51070900 


0083 
44OAO_ 


C 
01- 
008D CCOO 
R 
S-a 
t~ 
009& 81020200 
R 
- 
0 
0099 
640.02 
R 
0 
0 
0 
~ 
:s< 
00A2 ClIOO 
R 
ro 
CD 


"'" 
~ 
0 
CD.. 
::II 
OOM 1'3 
0 
OOABro 
c~ 
:s 
CD 
0 
0:s~ 
:sc 
CD 
.e, 


ad_ -OO,CODtro1_A2D. 
fOOOOO111b 


aductMllO. 
CLOCK,S_le_Period 


Loed_IISO_e-Dd 
1ISO_0_1ow 


POI'r 
IIIlT 


;.tart 
firat 
converaiou 
JODe ~le 
tille 
f~ 


;DOW 


get 
a copy ot the 
pew 


eet 
hao.O high 
at 
CODverlilOD 
.tart 
tue 
tor 
exte"",l 
SIB 


II;S-96 
MACIIOASS_LIlR 


BRR toe 
OBJRCT 
OOAC 


OOAC 
OOAC F2 


OOADC60GOO 
OOBO C60GOO 
00B3 
51070900 


•... 
00B7 
BOOOO9 
(ii' 
OOBA 1708 
.. 
5' 
OODe 880406 
lQ 
OOBr DF26 
t 


OOC1 F3 
OOC2 FO 
.. 
OOC3 
0 
OOC3640A02 
C 
OOC6 880406 
0 
0 
I\) 
:l 
~ 
< 
oocr 30000B 
N 
lD~ 
j 
lD 
0002 
.. 
0002 
FD 
::00S. 
0009 
DFOC 
5' 
OODB F3 
lD 
OODe FO 
a 
0 
0000 
~3' 
c: 
OOB3 DF02 
<1l 
00B5 
F3 
.e, 


OOB6 FO 


00B7 
OOB7 717F09 
OOBA F3 
OOBB FO 
OORe 


ASSIMlLY 
CQlPLIlTBD. 


ad_result_1o, 
[top_oi_buffer]+ 


ad_r ••• u1t_bi. 
(top_of_buffer]+ 
ad_ ee-nd, 
Contro1_A2D. 
fOOOOO111b 


Set next 
88llP1e t~ 
Check top of buffer 
for 
later 
JUJIP 


a4P 
top of buffer. aducttlllPl 


BI 
Top:of=buffers 
POpr 
RBT 


Sa.ple_Aiain: 
ADD 
aducteoopO.SIIlIP1e]eriod 
CMP 
top_of_butfer,B.ducte.pl 


Make_1IS0_low: 


nop 
Loed_1IS0 _C.-anc! 
1IS0_0_ Low 


BE 
Top_ot_burien 
POpr 
RBT 


BB 
Top_of_buffe 
•• 
POPr 
RBT 


Top_ot_butfers: 


ANnB 
Control_A2D, 
'!lOT(B ••• y) 
POpr 
RBT 


what the program does. The"block "byblock operations 
are shown below: 


Lines 1-198 describe the program, declare the variables 
and set up equates. Several of these variables are de- 
clared as overlayable, so the user needs to be careful if 
using this module for other than the FFT program. 


Lines 205-210 declare a macro which is used to load the 
HSO unit. This will be used repeatedly through the 
code. 


Lines 212-253' determine 
whether 
a conversion 
or 
download has been requested. If a download has been 
requested, the data is downloaded to the destination 
array as either paired or linear data. Paired data has 
been described earlier. 


Lines 255-278 contain a subroutine which converts the 
destination array to either signed or unsigned numbers. 
The numbers are also shifted right to provide the de- 
sired 
full-scale 
value 
as 
requested 
by 
SHIFT_ 


COUNT. 


Lines 279-334 initialize the conversion routine. HSO.O 
is toggled with the start of each routine so that an ex- 
ternal sample and hold can be used. The instructions in 
lines 308,316, and 326 have been interweaved with the 
Load_HSO_Commands 
to provide the required 
8 


state delays between HSO loadings. If this was not 
done, NOPs would have been needed. It is easier to 
understand 
the code if these lines are thought of as 
being gathered at line 326. 


Lines 337-353 are the actual AID interrupt routine. 
The AID results are placed BYTE by BYTE on the 
butTer, the AID is reloaded, and then the number of 
samples taken is compared to the number needed. Note 
that the AID command register needs to be reloaded 
even if the channel does not change. INCB on line 348 
is used to insure that the DJNZ falls through on the 
next pass (if sample_count 
is not reset). 


Lines 355-396 complete the routine. The HSO is set up 
to trigger the next conversion and provide the HSO.O 
toggle for an external sample and hold. Once again, the 
time between consecutive loads of the HSO is 8 states 
minimum. Note that this section of code has been opti- 
mized for speed by reducing branches to an absolute 
minimum and duplicating code where needed. 


This concludes the description of the A to D butTer 
module. In the FFT program, this module is run, then 
the FFT transform module, then the plot module. This 
allows variables to be overlaid, saving RAM space. The 
time cost for this is not bad, considering the printer is 
the limiting factor in these conversions. If more RAM 


. 
. 


external RAM, this module could be run simultaneous- 
ly with the other modules. 


The plot module is relatively straight-forward, 
and is 


shown in Listing 5. After the declarations, which in- 
clude overlayable registers, an initialization routine is 
listed. This separately called routine sets up the serial 
port on the 8096 to talk to the printer. In this case, the 
port has to be set for 300 baud. 


A console out routine follows. This routine can also be 
called by any program, but it is used only by the plot 
routine in this example. The write to port I is used to 
trace the program flow. The character to be output is 
passed to this routine on the stack. This conforms to 
PLM-96 requirements. 


Since all stack operations on the 8096 are 16-bits wide, 
a multiple character feature has been added to the con- 
sole out routine. If the high byte it receives is non-zero, 
the ASCII character in that byte is printed after the 
character in the low byte. If the high byte has a value 
between 128 and 255, the character in the low byte is 
repeated the number of times indicated by the least sig- 
nificant 7 bits of the high byte. 


The print decimal number routine is next. It is called 
with two words on the stack. The first word is the un- 
signed value to be printed. The second byte contains 
information on the number of places to be printed and 
zero and blank suppression. This routine is not over- 
flow-proof. The user must declare a sufficient number 
of places to be printed for all possible numbers. 


The DRAW_GRAPH 
routine provides the plot. It 


first 
sends a series of carriage 
return, 
line feeds 
(CRLFs) to clear the printer and provides a margin on 
the paper. Each row is started with the row number, 2 
spaces, and a "+". Asterisks are then plotted until 


Recall that PLOT_RES 
is a variable set by the main 


program. When the number of asterisks hits the desired 
value, the value of the line is printed. If the Decibel 
mode is selected, the line value is divided by 512 and 
printed in integer + decimal part form, followed by 
"dB". 
If the number 
of asterisks reaches PLOT_ 


MAX, no value is printed. The next line is then started. 
A line with only a "!" is 'printed before the next plot 
line to provide a more aesthetic display on the printer. 
If a CRT was used, this extra line would probably not 
be wanted. 


SBRIBS-III 
II:S-96 
MACROASSIMlUR, 
Vl.O 


S01lllCB FlU: 
:1'2:PLOTSP.A96 


OB.JllCT FlU: 
:1'2:PLOTSP.OBJ 
COHTllOLSSPBCIrIBD 
IN INVOCATIONC<MIAIlD: NOSS 


c: 
lIJ..:r 
CO 


~ I 
i\) 
~ 
ID 
-.J 
"1J 
cu 
0"..i: 
0a. 
0000 
c:ii' 


0000 


0024 
0024 
0028 
002C 
0028 
0030 
0032 


סס oo 


S01lllCB STATJlMBNT 
$P8Ielenltb 
(50) 


PlOT_SBRUt 
I«lDULB STACBSIZIl (6) 


Intel 
Corporation, 
Declllllber 
12, 
1985 
by 
Ira 
HordeD, 
ICO Applicationa 


Tbl. 
pro.,- •• 
producea a plot 
on aerially 
CODDeCted printer. 
The 
..,initude 
of 
each of 
the 
32 input 
velUM 
ia plotted 
horizontally, 
with 
ODe 
"!" followed 
by a linefeed 
between each plot 
line. 
Bach plot 
line 
atart. 
with 
a "+" and the 
entire 
plot 
begina 
with 
3 line 
feeda 
aDd enda witb 
• 
t01"8 
feed. 
The values 
to 
be 
plotted 
are 
32 UDIIilDed 
warda 
bued 
at 
the 
externally 
defined 
pointar 
PlOT_IN. 


The routine 
IHIT OUTPtrr .ut 
be run to eet 
up the 
aerial 
port when the 
.yate. 
t. turned 
on, - 
CON_OUTcan be 
U8ed by • 
progr •• 
to 
output 
to 
tbe 
serial 
port. 
DRAW_GRAPHi. the 
routine 
that 
autOll8.t:ically 
plot. 
the 
data. 


Sizin, 
of 
the 
tr8ph 
can be done uaio, 
PLOT_RBS.wbich 
deterllinee 
how .my 
UDit. 
are 
needed 
for 
each 
dot, 
and PLOT_MAX,which 
ia 
the 
aaxt..au. 
value 
the 
prograa 
will 
be 
puaed. 
Note 
that 
(PlOT_MAX/PLOT_RBS) defineD 
the 
..,.i_ 
n..-ber 
of 
colUllDa 
the 
routine 
will 
print. 


ioel, 
baud_rei .• 
peon, 
.patat, 
.buf, 
port 1 
zero. 
ax, 
bx, 
ex, 
dx, 
rrT_f«)DB 
dab 
I 


OSBG at 
24H 
value: 
divi8or: 
xptr: 
yptr: 
xval: 
IOI_val: 


r- 
~s- 
eaI 
;:r 
CD 
~ 
"ll 


i\) ~ 
-..I i: 
-l:> 
0 
Q. 
C 
CD0 
0:l 
e.:l 
c: 
CD.eo 


2600 


2500 
812000 


0270 


0082 
006' 


2603 
816FOO 


2506 
818200 


2509 
814900 


250C 
812000 


260'10 


PLOT_SERIAL 


LIIOl 
42 
43 
44 
45 
45 
47 
48 
49 
50 
51 
52 
53 
54 
65 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 


SOIlRCE STATDmlT 


CSBO at 2500R 


PUBLIC 
IIlIT_OUTPllT, 
CO'COllT, 
DRAIl_GIIAPII 
BIlTRIl 
PLOT_RBS, 
PLOT_RBS_2, 
PLOT_MAX 


IIlIT_OllTPUT: 


254C 
254C CCOO 
1 
254Il CCOO 
1 
2550 ACOloo 
1 
2553 A300962528 
1 
2558 0024 
255A 
255A 0126 
255C 8C2824 
255' 
380017 
1 
2662 980024 
1 
21565D70' 
2667 
2567 310003 
1 
2l56A 38280C 
2l56Il 3AOO15 
1 
2670 Alrooo24 
2674 2003 


2676 910100 
B 
2679 615300024 
267D 61710024 
2681 C824 
2683 2fl111 
2686 A02624 
2158801U 
2l58ABDOA0028 
21588 Il8OO28 
1 


2691 D7C7 
2693 
2693 1300 
1 


PLOT_SIBIAL 


LIllI 
107 
108 
109 
110 
III 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
126 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
UlO 
1111 
1112 
1113 


Call 
with 
two worda 
OIl etack. 
n.e 
fi •.•t 
111 the 
value 
to 
be priDtaci. 


n.e 
e8COlld __ 
iufo..-UOIl 
in 
tbe 
1_ 
byte. 


fC)OB: 
000 = .up~ 
all 
&eroe 
001 = print 
ell 
n•••••.• 
010 = eup •.•• e ell 
.eroe 
except 
riCh_t 


lxx 
= do DOt priDt 
leadiD1 
bleab 


n.e 
hip 
byte 
of 
tbe 
2Dd word = 2x the 
D••••••r of pl_ 
to 
be priutacl 


PRINT_NlJI: 


pop 
pop 
ldbze 
Id 
pop 
div_loop: 


clr 
divu 
Jbe 
aIIlb 
Joe 


Jbc 
Jbe 
pratep: 
Jbe 
Id 
br 


DOD 
0: 
orb 


chr=ok: 
add 
ODd 
pueh 
cell 


CClIlt: 
Id 
clr 
dlvu'- 
JDe 
div 
dOIle: 
- 
br 


ex 
bx 
dx,bx+l 
di vieor, 
di vtab [dx] 
value 


value+2 
value, di vi.or 
bx,O,chr_ok 
value,zero 


DOD_O 


bx.l,prntap 
diviaor,O,chr 
ok 
bx,2,cont 
- 
value,taroS 
chr_ok 


bx,<I0001B 
value,'30h 
value,t7ftt 
value 


COD_out 
value, value+2 
divizor+2 
diviaor,'lO 
di vi.or. 
zero 
diY_loop 


Saad Decaal 
_r 
to CON_OUT 


bx Ie aode 
byte, 
bx+l 
ie 
div1llor 
poiuter 


; J~ 
if 
val ••• u DOlI zero 
Value i. zero 


j Print apace i_teed 
of 0 


; If 
in 
ript.oet 
_i 
UOD priDt 
0 
Do DOt priDt 
ep_ 
if 
bit 
Ie 
eet 
OfOh+3Oh = 208 = epKe 


j Set l1ag .0 0'. 
will 
be printed 


; 3Oh+D=Ot09aecii 


aend leaat 
al. 
aeve!l; 
bib, 
clear 
upper word. 


_. 


I 
I cf 


IDH16 
MACIIOASSllMBLIR 
PLOT_SIR1AL 
02/18/86 
PMlII 
5 


BRR /DC 
OBJICT 
L1NS 
SOUllCl 
STATllMBIIT 
1M 
155 
166 
157 
25.\2 
158 
DIWUlIlAPll: 
; Gropb 
cIrwoi... 
routioe 
25.\2 
C9ODOO 
159 
puoh 
IOdh 
25M 
2r69 
ISO 
call 
COD_out 
25A7C90A82 
161 
puah 
t820AR 
." 
Cl ••••• 3 
lioeo 
25M 
2_ 
162 
call 
CON_OUT 
25M: 
C9lIOOO 
163 
puoh 
100 
25A1' 21'l5' 
164 
call 
CON_out 
165 
C 
25810l2C 
166 
clr 
xptr 
I/) 
2583 
0130 
167 
clr 
xval 
.. 
2585 
168 
lIllT__ 
: 


5" 
2585 
C90DOA 
169 
puoh 
toAODB 
; CRL' 
IQ 
25882r56 
170 
call 
CON OUT 
I 


258A 
C9lIOOO 
171 
puah 
1008 
i Dul 
258D 
21'l51 
172 
call 
CON_OUT 
;T 
173 
ID 
258' 
C830 
174 
puah 
xval 
'1J 
25Cl 
C9020A 
175 
puoh 
'(OADOB 
or 
DOI0b) 
j aupr•• 
all 
zeroe except r~taoet 
~ 
~ ~ 
25C4 
2Pl16 
176 
call 
PRlHT_1lIJl 
"0 
177 
I 
N 
N 
....., 
~ 
25C6 
C92020 
178 
puoh 
12020B 
j 
Priat 
2 apaee- 
..•.• 
....., 
0 
25C92'45 
- 
179 
call 
CON OUT 
(II 
Do 
25CB C92BOO 
180 
puah 
t2B8 
; + 
C 
25CI 
2'40 
181 
call 
COD_out 
ii' 
182 
0 
25DO AI0DOO2E 
1 
183 
Id 
yptr.'PLOT_RBS_2 
; 
PLOT_RBS_2 = PLOT_1IBS12 
0 
184 
; 
PLOT_RBS i. 
defined 
7 
lu.. 
_ 
3- 
185 
:i" 
2504 
185 
/lIT_COL: 
; Next Co},... 
c: 
2504 
882DOOOO21 
1 
187 
coop 
yptr.PLOT_1N[xptr] 
CD 
2509 
0911 
188 
Jh 
PRT_1lIJl 
.9: 


25D8 
189 
PRT_IlI[: 
; 
Print 
Mark 
2508 
C92AOO 
190 
puah 
t2AR 
25DI 
2r30 
191 
call 
CON_OUT 
2580 
192 
1/I)_CHT: 


2580 
65OOOO2B 
1 
193 
add 
yptr.'PLOT_RBS 
; PLOT_BBS = n_ of 
i_ta 
per 
output 
point 
2514 
8900002E 
1 
194 
coop 
yptr.'PLOT_MAX 
; PLOT_.ex 
= .ex'" 
line 
leocth 
2588 
DW 
195 
Job 
nxt 
col 
25BA 204' 
195 
br 
HITi.H 
197 
'eJect 
270189-68 


IIlS-96 
MACIll) ASSBIlBLU 
PLOT_SERIAL 


IRIl 
LOC 
OBJIOT 
LIIlE 
SOUIlCI 
STATBIlBNT 
240 
241 
2638 
C9000A 
242 
NXTLIl: 
puab 
IOADOB 
2631l 
2IlDO 
243 
call 
CON OUT 
2640 
C90000 
244 
puab 
lOOii 
2643 
2BCB 
245 
call 
CON OUT 
2645 
0920116 
246 
puab 
tll620B 
2648 
2llC6 
247 
call 
COIl OUT 
264A 
092100 
248 
puab 
.21ii 
2640 
2JlC1 
249 
call 
COD_out 


250 
264r 
0730 
251 
iDC 
leVal 
r- 
2651 
65020020 
252 
.cId 
xptr.'2 
iii" 
2655 
89310020 
253 
ClIp 
xptr.t62 
.• 
2659 
02022758 
264 
b1e 
met_row 
5" 
2M 
u:I 
2650 
C9000A 
256 
Done: 
puab 
IOAOOB 
I 


2660 
21lAll 
257 
call 
CON OUT 
2662 
C9000C 
258 
puab 
lOCOeS 
2665 
2JlA9 
259 
call 
COD_out 
=r 
260 
CD 
'tl 
2667 
FO 
261 
RIlT 
~ 
0" 
2668 
262 
IlND 
N .• 


-oJ i: 
ASSBIlBLY COMPLIlTllO. 
NO IlHllOR(S) 
FOUND" 


(0 
0a. 
c: 
CD0 
0~5'c 
Cll.e, 


inter 


At the end of the plot, a form feed is given to set the 
printer up for the next graph. Our printer would fre- 
quently miss the character after a CRLF. To solve this 
problem, a null (ASCII 0) is sent after every CRLF to 
make sure the printer is ready for the next line. This 
has been found to be a problem with many devices run- 
ning at close to their maximum capacity, and the nulls 
work well to solve it. 


With the plot completed, the program begins to run 
again by taking another set of A to D samples. 


The program can be used with either real or tabled 
data. If real data is used, the signal is applied to analog 
channel I. The program as written performs AID sam- 
ples at 100 microsecond intervals, collecting the 64 
samples in 6.4 milliseconds. This sets the sampling win- 
dow frequency at 156 Hz. If tabled data is used, 64 
words of data should be placed in the location pointed 
to by DATAO in the TABLE_LOAD 
routine of the 


Main Module. 


Program control is specified by FFT_MODE 
which is 
loaded in the main module. Also within the main mod- 
ule are settings which control the A to D butTerroutine 
and the Plot routine. The intention was to have only 
one module to change and recompile to vary parame- 
ters in the entire program. 


The program modules are set up to run one-at-a-time so 
that the code would be easy to understand. Additional- 
ly, the Plot routine takes so long relative to the other 
sections, that it doesn't pay to try to overlap code sec- 
tions. If this code were to be converted to run a process 
instead of print a graph, it might be worthwhile to run 
\ 


the FFT and the AID routines at the same time. 


If the goal of a modified program is to have the highest 
frequency sampling possible, it might be desirable to 
streamline the AID section and run it without inter- 
ruption. When the A to D routine was complete the 
FFT routine could be started. The reasoning behind 
this is that at the fastest AID speeds the processor wiIl 
be almost completely tied up processing the AID infor- 
mation and storing it away. Using an interrupt based 
AID routine would slow things down. 


A set of programs which wiIl perform a FFT has been 
presented in this application note. These programs are 
available from the INSITE users library as program 
CA-26. More importantly, dozens of programing exam- 
ples have been made available, making it easier to get 
started with the 8096. Examplei of how to use the hard- 
ware on the 8096 have already appeared in AP-248, 
"Using The 8096". These two applications notes form a 
good base for the understanding of MCS-96 microcon- 
troller based design. 


Matrices are a convenient way to express groups of 
equations. 
Consider 
the 
complex 
discrete 
Fourier 


Transform in equation 9, with N = 4. 
3 


Yn = L X(k) Wnk 
n = 0, 1, 2, 3 


k = 0 
This can be expanded to 


Y(O) = X(O) Wo + X(1) WO + X(2) WO + X(3) WO 
Y(1) = X(O) Wo + X(1) W1 + X(2) W2 + X(3) W3 
Y(2) = X(O) Wo + X(1) W2 + X(2) W4 + X(3) W6 
Y(3) = X(O) Wo + X(1) W3 + X(2) W6 + X(3) W9 


[ 


Y(O)] 
[WO 
Wo 
Wo 
WO 


Y(1) 
_ 
WO 
W1 
W2 
W3 


Y(2) 
- 
WO 
W2 
W4 
W6 


Y(3) 
WO 
W3 
W6 
W9 
] 
[ 


X(O) 
] 
X(1) 
X(2) 
X(3) 


The first step to simplifying this is to reduce the center 
matrix. Recalling that 


WN = WN MOD Nand 
WO = 1 


The matrix can be reduced to have less non-trivial mul- 
tiplications. 


U!~!] [i 


1 
1 
W1 
W2 


W2 
WO 
W3 
W2 


] 
[ 


X(O) 
] 
X(1) 
X(2) 
X(3) 


[ 


Y(O) ] 
[ 
1 WO 0 
0 
] [ 
1 0 WO 0 
] [ X(O) ] 
Y(2) 
_ 
1 W20 
0 
0 1 
0 
WO 
X(1) 


Y(1) 
- 
0 
0 
1 W1 
1 0 W2 
0 
X(2) 


Y(3) 
0 
0 
1 W3 
0 1 
0 
W2 
X(3) 


For this equation to work, the YO) and Y(2) terms 
need to be swapped, as shown above. This procedure is 
a Bit Reversal, as described in the text. 


X(O) + X(2) WO 
X(1) + X(3) WO 
X(O) + X(2) W3 


. X(1) + X(3) W2 


requiring 4 complex 
multiplications 


& 4 complex 
additions 


Noting that WO = - W2, 2 of the complex multiplica- 
tions can be eliminated, with the following results 


X(O) + X(2) WO 
X(1) + X(3) WO 
X(O) - 
X(2) WO 
X(1) - 
X(3) WO 


requiring 
2 complex 
multiplications 


and 4 complex 
additions 


Since Wi = - W3, a similar result occurs when this 
.vector is multiplied by the remaining square matrix. 
The resulting equations are: 


Y(O) = (X(O) + X(2) WO) + WO (X(O) + X(3) WO) 
Y(2) = (X(O) + X(2) WO) - 
WO (X(1) + X(3) WO) 


Y(1) = (X(O) - 
X(2) WO) + W1 (X(1) - 
X(3) WO) 


Y(3) = (X(O) - 
X(2) WO) - 
W1 (X(1) - 
X(3) WO) 


The number of complex multiplications required is 4, as 
compared with 16 for the unfactored matrix. 


N· 
EXPONENT 
2 
complex 
multiplications 


inter 


The following plots are examples of output from the 
FFT program. These plots were generated using tabled 
data, b'ut very similar plots have also been made using 
the analog input module. Typically, a plot made using 
the analog input module will not show quite as much 
power at each frequency and will show a positive value 
for the DC component. This is because it is difficult to 
get exactly a full-scale analog input with no DC offset. 


Plot I is a Magnitude plot of a square wave of period 


NT. 


Plot 2 is the same data plotted in dB. Note how the dB 


plot enhances the difference in the small signal val- 
ues at the high frequencies. 


Plot 3 shows the windowed version of this data. Note 


that the widening of the bins due to windowing 
.shows energy in the even harmonics that is not 
actually present. For data of this type a different 
window other than Hanning would normally be 
used. Many window types are available, the selec- 
tion of which can be determined by the type of 
data to be plotted.3 


Plot 4 shows a sine wave of period NT17 or fre- 


quency 7/NT. 
Plot 5 shows the same input with windowing. Note the 


signal shown in bins 6 and 8. 


Plot 6 shows a sine wave of period NT/7.5. Note the 


noise caused by the discontinuity as discussed ear- 
lier. 


Plot 7 uses windowing on the data used for plot 6. Note 


the cleaner appearance. 


Plot 8 shows a sine wave input of magnitude 0.707 and 


period NTI7.5. 


Plot 9 shows same input with windowing. 
Plot 10 shows a sine wave of magnitude 0.707/16 and 


period NTIll. 


Plot II shows the same input with windowing. Note 


that there is no power shown in bins 10 and 12. 
This is because at 6 dB down from 3 dB they are 
nearly equal to zero. 


Plot 12 uses the sum of the signals for plots 8 and 10 as 


inputs. Note that the component at period NTIII 
is almost hidden. 


Plot 13 uses the same signal as plot 12 but applies win- 


dowing. Now the period component at NTIII can 
easily be seen. The Hanning window works well in 
this case to separate the signal from the leakage. If 
the signals were closer together the Hanning win- 
dow may not have worked and another window 
may have been needed. 
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• 
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programming 
for the 8096 


microcontroller 
family 


• 
System 
Utilities for Program 
Linking 


and Relocation 


• 
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Intellec@ Microcomputer 


Development 
System 
to support 


8096 program 
development 


• 
Encourages 
modular 
program 
design 


for maintainability 
and reliability 


The 8096 Software 
Support 
Package 
provides 
development 
system support for the 8096 family of 16-bit single 
chip microcomputers. 
The support 
package 
includes 
a macro assembler 
and system 
utilities. 


The assembler 
produces 
relocatable 
object 
modules 
from 8096 macro assembly 
language 
instructions. 
The 
object 
modules 
then are linked and located 
to absolute 
memory 
locations. 
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Symbolic 
Assembler 
Supports 
Macro 


Capabilities, 
Cross Reference, 
Symbol 


Table and Conditional 
Assembly 


ASM-96 
is the macro assembler 
for the MCS family of microcontrollers, 
including 
the 80C196. 
ASM-96 
trans- 
lates 
symbolic 
assembly 
language 
mnemonics 
into relocatable 
object 
code. 
Since 
the object 
modules 
are 
linkable 
and locatable, 
ASM·96 
encourages 
modular 
programming 
practices. 


The macro facility in ASM-96 
allows programmers 
to save development 
and maintenance 
time since common 
code sequences 
only have to be done once. The assembler 
also provides 
conditional 
assembly 
capabilities. 


ASM-96 
supports 
symbolic 
access to the many features 
of the 8096 architecture. 
An "include" 
file is provided 
with all of the 8096 
hardware 
registers 
defined. 
Alternatively, 
the user can define 
any subset 
of the 8096 
hardware 
register 
set. 


• 
Links Modules 
Generated 
by 


ASM-96, 
C-96, and PL/M-96 


• 
Locates 
the Linked Object 
Module to 


Absolute 
Memory 
Locations 


• 
Encourages 
Modular 
Programming 
for 


Faster Program 
Development 


• 
Automated 
Selection 
of Required 


Modules 
from Libraries 
to Satisfy 


Symbolic 
References 


RL96 is a utility that performs 
two functions 
useful in MCS-96 software 
development: 


- 
The link function 
which combines 
a number 
of MCS-96 
object 
modules 
into a single program. 


- 
The locate functions 
which assigns an absolute 
address to all relocatable 
addresses 
in the MCS-96 object 
module. 


RL96 resolves 
all external 
symbol 
references 
between 
modules 
and will select 
object 
modules 
from 
library 
files if necessary. 


RL96 creates 
two files: 


- 
The program 
or absolute 
object 
module 
file that can be executed 
by the targeted 
member 
of the MCS-96 
family. 


- 
The listing file that shows the results of link/locate, 
including 
a memory 
map symbol 
table and an optional 
cross reference 
listing. 


The relocator 
allows 
programmers 
to concentrate 
on software 
functionally 
and not worry about the absolute 
addresses 
of the object code. RL96 promotes 
modular 
programming. 
The application 
can be broken down into 
separate 
modules 
that are easier to design, test and maintain. 
Standard 
modules 
can be developed 
and used 
in different 
applications 
thus saving software 
development 
time. 
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+, -, x, I, Mod Plus Square 
Root 


• 
Supports 
Single Precision 
32 Bit 


Floating 
Point Variables 


• 
Includes 
an Error Handler 
Library 


FPAL96 
is a library 
of single 
precision 
32-bit 
floating 
point 
arithmetic 
functions. 
All 
math 
adheres 
to the 
proposed 
IEEE floating 
point standard 
for accuracy 
and reliability. 
An error handler 
to handle 
exceptions 
(for 
example, 
divide by zero) is included. 


ADD 


SUBTRACT 


MULTIPLY 


DIVIDE 


COMPARE 


NEGATE 


ABSOLUTE 


SQUARE 
ROOT 


INTEGER 


REMAINDER 


The 
LIB 96 utility 
creates 
and maintains 
libraries 
of software 
object 
modules. 
The customer 
can develop 
standard 
modules 
and place them in libraries. Application 
programs 
can then call these modules 
using prede- 
fined interfaces. 


LIB 96 uses the following 
set of commands: 


-CREATE: 
Creates 
an empty 
library file. 


-ADD: 
Adds object 
modules 
to a library file. 
-DELETE: 
Deletes 
object 
modules 
from a library file. 
-LIST: 
Lists the modules 
in the library file. 
-EXIT: 
Terminates 
LIB 96 


When 
using object 
libraries, 
RL96 will include 
only those 
object 
modules 
that are required 
to satisfy 
external 
references, 
thus saving 
memory 
space. 


Order 
Code 


D86ASM96 


Operating 
Environment 


96 Assembler 
for PC DOS 3.0 Systems 


Documentation 
Package: 


MCS-96 
Macro Assembler 
User's 
Guide 


MCS-96 
Utilities 
User's Guide 
MCS-96 
Assembler 
and Utilities 
Pocket 


Reference 
Card 
8096 Floating 
Point Arithmetic 
Library 


Hotline 
Telephone 
Support, 
Software 
Performance 


Report 
(SPR), 
Software 
Updates, 
Technical 
Re- 


ports, and Monthly 
Technical 
Newsletters 
are avail- 


able. 
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Language 
Design 


Encourages 
Module 
Programming 


• 
Provides 
Access 
to 8096 on Chip 


Resources 


• 
Produces 
Relocatable 
Object 
Code 


which is Linkable 
to Object 
Modules 


Generated 
by Other 8096 Translators 


• 
Resident 
on 8086 Intel Microcomputer 


Development 
Systems 
for Higher 


Performance 


• 
Includes 
a Linking and Relocating 


Utility and the Library 
Manager 


• 
IEEE Floating 
Point Library 
included 
for 


Numeric Support 


• 
Compatible 
with PL/M-86 
Assuring 


Design Portability 


PL/M-96 is a structured, high-level programming language useful for developing software for the Intel 8096 
family of microcontrollers, including the 80C196. PLlM-96 was designed to support the software requirements 
of advanced 16 bit microcontrollers. Access to the on chip resources of the 8096 has been provided in 
PL/M-96. 


PL/M-96 is compatible with PL/M-86. Programmers familiar with PL/M will find they can program in PL/M-96 
with little relearning effort. 


The PL/M-96 compiler translates PL/M-96 high level language statements into 8096 machine instructions. By 
programming in PL/M an engineer can be more productive in the initial software development cycle of the 
project. PL/M can also reduce future maintenance and support cost because PL/M programs are easier to 
understand. PL/M-96 was designed to complement Intel's ASM-96. 


o 
o 


INTEL DEVELOPMENT 
TOOLS AND OTHER 
PRODUCTS 


USER·CODED 
SOFTWARE 


Major features of the PL/M-96 compiler and pro- 
gramming language include: 


Structured 
Programming 


Programs written in PLlM-96 are developed as a 
collection of procedures, modules and blocks. Struc- 
tured programs are easier to understand, maintain 
and debug. PL/M-96 programs can be made more 
reliable by clearly defining the scope of user vari- 
ables (for example, local variables in a procedure). 
REENTRANT procedures are also supported by 
PLlM-96. 


Language Compatibility 


PL/M-96 object modules are compatible with all oth- 
er object modules generated by Intel MCS-96 trans- 
lators. Programmers may choose to link ASM-96 
and PLlM-96 object modules together. 


PL/M-96 object modules were designed to work 
with other Intel support tools for the MCS-96. The 
DEBUG compiler control provides these tools with 
symbolic information. 


Data Types Supported 


PLlM-96 supports seven data types for programmer 
flexibility in various logical, arithmetic and address- 
ing functions. The seven data types include: 
-BYTE: 
8-bit unsigned number 


-WORD: 
16-bit unsigned number 


-DWORD: 
32-bit unsigned number 


-SHORTINT: 
8-bit signed number 


-INTEGER: 
16-bit signed number 


-LONGINT: 
32-bit signed number 


-REAL: 
32-bit floating point number 


Another 
powerful feature are BASED variables. 


BASED variables allow the user to map more than 
one variable to the same memory location. This is 
especially useful for passing parameters, relative 
and absolute addressing, and memory allocation. 


Two data structuring facilities are supported by 
PLlM-96. The user can organize data into logical 
groups. This adds flexibility in referencing data. 
- 
Array: Indexed list of same type data elements 


- 
Structure: Named collection of same or different 
type data elements 


- 
Combinations of Both: Arrays of structures or 
structures of arrays 


Interrupt 
Handling 


Interrupts are supported in PLlM-96 by defining a 
procedure with the INTERRUPT attribute. The com- 
piler will generate code to save and restore the pro- 
gram status word when handling hardware interrupts 
of the MCS-96. 


Compile time options increase the flexibility of the 
PLlM-96 compiler. These controls include: 
- 
Optimization 
- 
Conditional compilation 
- 
The inclusion of common PLlM·96 source files 
from disk 
- 
Cross reference of symbols 


- 
Optional assembly language code in the listing 
file 


The PLlM-96 compilers has four levels of optimiza- 
tion for reducing program size. 
- 
Combination of constant expressions; "Strength 
reductions" (e.g.: a shift left rather than multiply 
by two) 


- 
Machine code optimizations; elimination of su- 
perfluous branches; reuse of duplicate code, re- 
moval of unreachable code 


- 
Overlaying of on chip RAM variables 


- 
Optimization of based variable operations 


- 
Use of short jumps where possible 


An extensive list of built in functions has been sup- 
plied as part of the PL/M-96 language. Besides 
TYPE CONVERSION functions, there are built in 
functions for STRING manipulations. Functions are 
provided for interrogating the MCS-96 hardware 
flags such as CARRY and OVERFLOW. 


Error Checking 


If the PL/M-96 compiler detects a programming or 
compilation error, a fully detailed error message is 
provided by the compiler. If a syntax or program er- 
ror is detected, the compiler will skip the code gen- 
eration 
and optimization 
passes. This 
powerful 


PLlM-96 feature can yield a two times increase in 
throughput when a user is in the initial program de- 
velopment cycle. 


PLM-96 is designed to be an efficient, cost-effective 
solution to the special requirements of MCS-96 Mi- 
crocontroller Software Development, as illustrated 
by the following benefits of PLIM use: 


PLlM-96 is easy to learn and to use, even for the 
novice programmer. 


Critical projects are completed much earlier than 
otherwise possible because PL/M-96, a structured 
high-level language, increases programmer produc- 
tivity. 


Increases in programmer productivity translate im- 
mediately into lower software development costs 
because less programming resources are required 
for a given programmed function. 


PL/M-96 is designed to aid in the development of 
reliable software (PL/M programs are simple state- 
ments of the program algorithm). This substantially 
reduces the risk of costly correction of errors in sys- 
tems that have already reached full production 
status. The more simply the program is stated, the 
more likely it is to perform its intended function. 


Easier Enhancements 
and Maintainance 


Programs written in PL/M tend to be self-document- 
ing, thus easier to read and understand. This means 
it is easier to enhance and maintain PLIM programs 
as the system capabilities expand and future prod- 
ucts are developed. 


Order Code 
D86PLM96 


Operating 
Environment 


PL/M-96 Compiler for PC DOS 3.0 
based Systems 


Documentation 
Package 


PLlM-96 User's Guide 
MCS-96 Utilities User's Guide 
MCS-96Assembler and Utilities Pocket 
Reference Card 
8096 Floating Point Arithmetic Library 


Hotline Telephone Support, Software Performance 
Report (SPR), Software Updates, Technical Re- 
ports, and Monthly Technical Newsletters are avail- 
able. 


inter 


• 
Implements 
the Full Programming 


Capabilities 
of the C Language 


• 
Complies 
with Draft ANSI Standard 


• 
Produces 
Relocatable 
Object 
Code 


which is Linkable 
to Object 
Modules 


Generated 
by Other MCS@-96 


Translators 


• 
Produces 
High-Density 
Code That 


Rivals Assembly 
in Efficiency 


• 
Fully Linkable 
with the PL/M-96 
and 


ASM-96 
Programming 
Languages 


• 
IEEE Floating 
Point Library 
(FPAL96) 


Included 
for Numeric 
Support 


• 
Supports 
All of the Standard 
C 


Language 
I/O 
Library (STDIO) 


• 
Includes 
a Linking and Relocating 


Utility, an Object- To-Hexadecimal 
Convertor, 
and a Library 
Manager 


• 
Supports 
the 80C196 
Architecture 


Intel's 
C 96 is a general 
purpose, 
structured 
programming 
language 
designed 
to support 
applications 
for the 
16-bit family of MCS-96 microcontrollers 
including 
the 80C196. 
C 96 implements 
the C language 
as described 
in the Kernighan 
and Ritchie book, 
The C Programming 
Language 
(Prentice-Hall) 
Software 
Series, 1978). The 
latest enhancements 
to the C programming 
language 
as defined 
by the draft proposed 
ANSI C standard 
(e.g., 
structure 
assignments, 
and the void and enum data types) are supported. 


The C 96 compiler 
translates 
C 96 language 
statements 
into MCS-96 
machine 
instructions. 
The compiler 
generates 
code 
in Intel's 
relocatable 
Object 
Module 
Format 
(OMF) without 
using an intermediate 
assembly 
file. The OMF files can then be debugged 
using either the iSBE-96 
emulator, 
the VLSiCE-96 
emulator, 
or the 
ICE-196 


o 
o 


INTEL 
DEVELOPMENT 


TOOLS 
AND 
OTHER 


PRODUCTS 


USER.(;:OOEO 


SOFTWARE 


Major features 
of the C 96 compiler 
include 
the pre- 
processor, 
the parser, 
and the code generator 
and 


optimizer. 
The code is output in Intel relocatable 
Ob- 


ject Module 
Format 
(OM F). The compiled 
code can 


then be debugged 
with either the iSBE-96 
emulator 


or the VLSiCE-96 
emulator. 


The 
preprocessor 
interprets 
statements 
in 
the 


source 
code 
and performs 
such 
actions 
as macro 


expansion, 
file inclusion, 
and conditional 
compilation 


(for example, 
the 
#if 
directive, 
which 
specifies 
op- 


tional inclusion 
or exclusion 
of code). 


The 
parser 
performs 
syntactic 
and 
semantic 
error 


checking 
on the code. The code generator 
converts 


the 
parser's 
output 
into efficient 
binary 
code. 
The 


optimizer 
streamlines 
the code 
and generates 
Intel 


relocatable 
OMF code, without 
creating 
an interme- 


diate assembly 
file. 


The 
compiler's 
DEBUGINODEBUG 
control 
option 


specifies 
whether 
or not the object 
module 
should 


contain 
debug 
information. 
The 
debug 
information 


can be used to debug 
the compiled 
program 
using 


either the iSBE-96 
emulator 
or the VLSiCE-96 
emu- 


lator. 


Some of the features 
of the C 96 compiler 
are: 


• 
Declarations 


• 
Expressions 
and operators 


• 
Statements 


• 
Run-time 
library (STDIO) 


• 
Compiler 
invocation 


• 
Output 
conventions 


Each of these features 
is discussed 
in the following 


sections. 


Declarations 
are used to specify 
the attributes 
of a 


set of identifiers. 
The scope of a declaration 
can en- 
compass 
the entire source file or be local to a func- 
tion body or block. 


The storage 
class specifier 
defines 
the location 
and 


scope. 
The storage 
classes 
are as follows: 


• auto 


• 
extern 


• 
static 


• typedef 


active block 


external 
data definition 


active data segment 
or register segment 


a type definition 
(not storage 
allocation) 


that defines another 
name or a synonym 


The storage 
class can be further 
defined 
with one of 


the following 
storage 
class modifiers: 


code segment 


machine 
register 


I/O 
port 
(modifies 
the 
extern 
storage 


class only) 


Identifiers 
are defined 
by their type. 
The types 
fall 


into one of the following 
categories: 


• const 


• register 


• volatile 


characters, 
integers, 
floating 
point 


numbers 


• derived 
arrays, 
structures, 
unions, 
enumera- 


tions, functions, 
and pointers 


• void 
empty set 


The 
type 
is further 
defined 
by the 
following 
type 


specifiers: 


• 
char, short, int, long, signed, unsigned, 
float, dou- 


ble, struct, 
union, enum, and typedef 


All of the C language 
expressions 
and operators 
are 


supported 
by Intel's C 96 compiler. 
Table 1 is a sum- 


mary of the C operators, 
arranged 
in order of prece- 


dence 
(from 
top 
to bottom). 
Operator 
precedence 


within an expression 
is evaluated 
in the order of as- 


sociativity 
shown 
in Table 
1. 


A statement 
is a program 
element 
that specifies 
an 


action 
to be performed. 
The 
C language 
supports 


the following 
types of statements: 


• Simple 
any valid expression 


• Compound 
an 
optional 
list 
of variable 
declara- 


tions followed 
by a list of statements 


• Selection an if or switch statement which is op- 


tionally included dependent on speci- 
fied conditions 
• Iteration 
a do, while or for statement which exe- 
cutes repeatedly until the controlling 
value is zero 
• Branching a break, continue, 
goto. 
or 
return 


statement which changes the program 
control flow 


Class 
Operator 
Associativity 


primary 
[ 1 
( ) 
-+ 
left to right 


unary 
++ -- 
& 
0 + - - 
right to left 


sizeof 
far 


binary mull. 
0 / 
% 
left to right 


binary add 
+ - 
left to right 


binary shift 
« 
» 
left to right 


binary relal. 
< 
> 
<= 
>= 
left to right 


binary equal. -- = 
left to right 


bitwise AND 
& 
left to right 


bitwiseXOR 
II 
left to right 


bitwise OR 
I 
left to right 


logical AND 
&& 
left to right 


logical OR 
II 
left to right 


conditional 
? : 
right to left 


assignment 
= 
0= 
/= 
0/0= 
+= 
-= 
right to left 


«= 
+ »= 
& = II = 1= 
right to left 


comma 
left to right 


Intel's C 96 compiler supports the standard C lan- 
guage I/O library functions (STDIO). The include 
files listed in Table 2 are included with the C 96 com- 
piler. 


Name 
Description 


ctype.h 
Used to declare and map characters. 
errno.h 
Used for error checking. 


setjump.h 
Used to bypass a normal cali/return. 
stdio.h 
Used for standard 1/0 functions. 
string.h 
Used to manipulate strings. 
time.h 
Used to manipulate the time and date. 


Character and arithmetic conversion functions are 
also included (atof, atoi, atol, cstr, tolower, toupper, 
and udistr). 


Intel's C 96 compiler is invoked with the following 
general syntax: 


The following invocation controls are some of the 
options supported by the C 96 compiler. 


• Object file controls-DEBUGINODEBUG, 


OBJECT, OPTIMIZE (0 through 3), REGIS- 
TERS, REGOVERLAYINOREGOVERLA Y, 
TYPEINOTYPE 


• Listing controls (selection and content)-CODEI 


NOCODE, CONDINOCOND, LIST1N0LlST, 
L1STINCLUDE/NOLISTINCLUDE,PREPRINTI 
NOPREPRINT. SYMBOLS/NOSYMBOLS, 
XREFINOXREF 
• Listing format 
controls-PAGING/NOPAGING, 


PAGELENGTH, PAGEWIDTH 
• Source inclusion control-INCLUDE 


The REENTRANTINOREENTRANT extension has 
been added to the C 96 compiler invocation controls 
to enhance the compiler's use of the MCS-96 archi- 
tecture. This extension enables the compiler to fully 
use the large register set of the MCS-96 family of 
microprocessors. When porting to programs in other 
environments, these keywords should be either re- 
moved or defined as null. 


The C 96 compiler produces a listing file and an ob- 
ject file. The listing file contains a formatted list of 
the source code and a list of compiler error mes- 
sages. The compiler produces the object file in In- 
tel's relocatable OMF code directly, without creating 
an intermediate assembly file. 


There are many benefits to the C 96 compiler, as 
explained in the following sections. 


With the DEBUG control the C 96 compiler produces 
extensive debug information, including symbols. The 
debug information can be used to debug the pro- 
gram code with either the VLSiCE-96 emulator or 
the iSBE-96 emulator. This serves to enhance pro- 
grammer productivity. 


The C 96 compiler creates Intel object module for- 
mat (OMF) directly, without creating an intermediate 
assembly file. This increases the compiler's execu- 
tion speed. 


Code portability has been designed into the C 96 
compiler. The C 96 code is fully linkable with both 
the PL/M-96 and the ASM-96 programming lan- 
guages. 


Because the compiler supports the standard C li- 
brary and produces Intel OMF code, programs de- 
veloped on a variety of machines can be transported 
to the MCS-96. In addition, because C 96 conforms 
to accepted C language standards, programmers 
can quickly begin programming the MCS-96. 


FULL 
MANIPULATION 
OF THE 8096 


MICROCONTROLLER 


The C 96 compiler has been highly optimized for the 
MCS-96 architecture. The REENTRANT/NOREEN- 
TRANT control has been added so that the compiler 
can identify non-reentrant procedures. This is ex- 
tremely useful because it enables the programmer 
to have full access to the large MCS-96 register set. 


With the C 96 compiler, the programmer can declare 
register variables that are not local to any proce- 
dure. Due to the large register set of the MCS-96 
architecture, the compiler can dedicate registers to 
such variables. 


Intel's Software Support Service provides mainte- 
nance on software packages with software support 
contracts which include subscription services, infor- 
mation phone support, and updates. Consulting 
services can be arranged for on-site assistance at 
the customer's 
location for both short-term and 


long-term needs. For more information, contact your 
local Intel Sales Office. 


Part Number 
D66C96 


Description 
C 96 Software Package 
PL/M-96 packages also include the 
RL96 
Linker 
and 
Relocator, 
the 


FPAL96 Floating Point Library, and 
the L1B96librarian utility. 


Operating 
Environment 


IBM PC AT 
IBM PC XT 


iDCX 96 


DISTRIBUTED CONTROL EXECUTIVE 


• High Performance, 
Real-time, 
• Integral 
Task Management, 
Timing, 
MUltitasking 
Executive 
Interrupt 
and Message 
Passing 
• Full Support 
of MSC®-96 
Services 


Microcontroller 
Family 
• Reliable, 
Compact 
2.9K bytes 
• Configurable 
for User Customization 
• Simple User Interface 


The iDCX 96 Distributed 
Control 
Executive 
is compact, 
configurable, 
easy-to-use 
software 
for developing 
and 
implementing 
applications 
built on the high performance 
16-bit family of 8096 microcontrollers 
(MCS-96). 
As a 
real-time, 
multitasking 
nucleus, 
the iDCX 96 Executive 
enhances 
the users ability to efficiently 
design MCS-96 
microcontroller 
applications 
requiring 
handling 
of multiple 
asynchronous 
events, 
and real-time 
response. 


In addition 
to the features 
integrated 
into most microcontrollers 
(CPU, RAM, ROM, and I/O) the MCS-96 family 
provides 
analog to digital conversion, 
pulse width modulation, 
and high-speed 
I/O facilities. 
Some examples 
of 
applications 
well-suited 
to the feature 
set and performance 
of the 8096 microcontrollers 
are: motor 
control, 
medical 
instrumentation, 
automotive 
transmission 
control, 
and machine 
control. 
Using the iDCX 96 Distributed 
Control 
Executive 
in these 
environments 
will significantly 
reduce 
application 
development 
time and expense. 


The iDCX 96 Executive 
performs 
equally 
well in stand-alone 
applications 
as well as distributed 
applications. 


inter 


Real-time control systems must be responsive to the 
external environment and typically involve the exe- 
cution of more than one function (task or set of 
tasks) in response to different external stimuli. Con- 
trol of manufacturing process is an example. These 
processes can require the monitoring of multiple 
temperatures and pressures; control of heaters, 
fans, and motors all responding to many seemingly 
random.inputs. The iDCX 96 Distributed Control Ex- 
ecutive 
fully 
supports 
applications 
requiring re- 


sponse to inputs as they occur ie., in real-time. Multi- 
ple tasks in control applications require real-time re- 
sponse. The iDCX 96 Executive helps the user im- 
plement these multitasking time-critical applications. 


Some of the executive's facilities specifically tailored 
for developing and implementing standalone and 
distributed control systems are: task managment, 
timing and interrupt handling, and message passing. 
When integrated with communications software, the 
iDCX 96 Executive provides message passing to 
tasks on different microcontrollers. Response to the 
environment is guaranteed due to the event·driven 
nature of the executive. Interrupts, timers, or mes- 
sages can initiate tasks for proper system response. 


Task Management 


A task can be thought of as a block of code that 
performs a specific activity. This activity is one that 
can occur in parallel with other activities in the sys- 
tem. A task starts at a single point and executes 
indefinitely, usually in a loop. The iDCX 96 Execu- 
tive's multitasking facility allows the user to partition 
system applications code into manageable activities 
or tasks. Each task competes for processor resourc- 
es. The executive provides all synchronization, con- 
trol, and scheduling to ensure each task gets the 
processor time it requires. A priority mechanism 
used by the executive determines when a task ac- 
cesses the processor. Up to 16 tasks can be man- 
aged by th~ executive. 


All tasks in an iDCX 96 Executive application are in 
one of three states as shown in Figure 2. For exam- 
ple, when an RQ WAIT system call is made, the call- 
ing task becomes ASLEEP until one of the events 
upon which it is waiting occurs. These events can be 
messages, timeouts, time intervals, or interrupts. 
When an event occurs the task becomes READY or 
RUNNING. 


Also, the executive allows for PREEMPTION of a 
task currently using processor resources so that 
emergencies will be responded to immediately. For 
example, suppose a conveyor in a manufacturing 


EVENT OCCURS ON 
WHICH A TASK IS 
WAITING 


EVENT OCCURS AND ASLEEP 
TASK HAS A LOWER PRIORITY 
THAN RUNNING TASK 


system suddenly developed a fault and began run- 
ning out of the normal range. The other parts of the 
system cannot compensate, and an alarm is trig- 
gered. Immediate response is a must to minimize 
losses. The executive's task prioritization scheme, 
task state definitions, and preemption facility reflect 
the asynchronous nature of events in real-time sys- 
tems as well as the need to respond to the most 
critical events first. 


Interrupts signal the occurrence of an external event 
and are typically asynchronous with respect to the 
processor. In real-time control system interrupt han- 
dling plays a major factor in the responsiveness and 
performance of the system. The iDCX 96 Distributed 
Control Executive provides the following interrupt 
handling services and features: 
• Interrupt source assignment to a task at system 


configuration. 
• Ability to disable all or some interrupts using the 


RQ DISABLEINTERRUPT system call. 


• Ability to enable disabled interrupts using the RQ 


ENABLEINTERRUPT system call. 


• Synchronization of events using the RQ WAIT 


system call. 


• Configuring a custom interrupt handler into the 


system. 


In keeping with the executive's preemptive priority- 
based scheduling scheme for an interrupt to occur 
its associated task must have a higher priority than 
the present running task. The executive will mask all 
interrupts of lower priority. 


The eight interrupt sources provided by the 8096 ar· 
chitecture are shown in Table 1. The iDCX 96 Exec- 
utive architecture provides interrupt handlers for 
each source but allows users to substitute custom 
interrupt handlers if desired. 


Table 1.8096 Hardware Interrupt Sources 


Source 


EXTINT 
Serial Port 
HSI.O 
High Speed Outputs 
HSI Data Available 
AID Conversion Complete 
Timer Overflow 
Software Interrupt 


Timer Management 


The iDCX 96 Executive supplies timing management 
facilities for synchronizing timed control loops and 


determining how long tasks wait on an event. In mul- 
titasking environments tasks compete for timing re- 
sources. The executive eliminates contention for this 
resource by reserving one of the 8096 on-chip tim- 
ers for software timing services. A software clock is 
maintained from this on-chip timer, and is used for 
system timing functions. Tasks request interval tim- 
ing or timeout timing services via the iDCX 96 Execu- 
tive appropriate system calls. 


Message Passing 


The iDCX 96 Distributed Control Executive facilitates 
intertask communication that allows tasks to: 


• communicate with other tasks via messages 
• wait indefinitely on a message event 
• synchronize task operations throughout a system 
• manage system resources 


These services greatly simplify design of multitask- 
ing, real-time control applications by providing an ex- 
tremely flexible method of communication. Because 
tasks in an iDCX 96 Executive system exchange 
messages via message queues the communicating 
tasks are independent of one another. Tasks can 
store messages not yet received and put messages 
in a buffer that have not yet been sent. The user 
simply invokes the relevant system calls when re- 
quired (RQ ALLOCATE, RQ DEALLOCATE, RQ 
SENDMESSAGE, RQ WAID. 


The format of iDCX 96 messages follows the stan- 
dard BITBUSTMInterconnect message format. Fig- 
ure 3 shows the iDCX 96 Executive message format. 


Link 
(Upper Byte) 


Link 
(Lower 
Byte) 


Message 
Length 


Flags 


Node Address 


Source/Destination 
Task IDS 


Command/Response 


Message 
Data 


) 
~oMI 


intJ 


By 
implementing 
communications 
software, 
users 


can incorporate 
iDCX 96 Executive 
systems 
into a 


BITBUS 
Interconnect 
environment. 
Thus the execu- 


tive supports 
communications 
in standalone 
and dis- 
tributed 
control 
systems. 
Although 
users 
need 
to 


provide 
some 
communications 
software 
to 
imple- 


ment 
communication 
between 
different 
microcon- 


trollers, 
the support 
already 
provided 
in the execu- 


tive gives users a head start in applications 
develop- 


ment. 


HIGH PERFORMANCE 
AND 


EASE OF USE 


To meet the dual requirements 
of high performance 


and 
ease 
of use, 
two 
interfaces 
are 
provided 
for 


each sys.tem call: a PLIM 
96 interface 
and a register 


interface. 
The PLIM 
96 interface 
provides 
a higher 


degree 
of ease of use thus speeding 
development 


time. For extremely 
demanding 
applications 
the reg- 


ister interface 
provides 
greater 
run-time 
speed 
and 


can be used with either PL/M 
96 or ASM 96. 


The 
iDCX 
96 
Executive's 
capabilities 
are 
invoked 


through 
a set of system 
calls. 
Table 
2 includes 
a 


listing of these interfaces 
and their functions. 
All the 


system 
calls with the exception 
of RQ GET FUNC- 


TION IDS have already 
been referenced 
in this doc- 


ument 
as part 
of the 
interrupt 
handling, 
message 


passing, 
and timing 
support 
facilities. 
The RQ GET 


FUNCTION 
IDS call 
allows 
the 
user 
to 
reference 


tasks by function 
rather than task number. This con- 


stant 
identifier 
facility 
remains 
valid 
even 
if 


functions 
are moved 
to different 
physical 
locations 


(e.g., another 
processor 
in a distributed 
system). 


The iDCX 96 Distributed 
Control 
Executive 
executes 


a variety 
of services 
in about half the time the iDCX 


51 Executive 
(formally 
iRMXTM 51 Executive) 
can. 


(The iDCX 96 Executive 
is a functional 
port of the 


iDCX 51 Executive 
to the MCS-96 
family 
of micro- 


controllers.) 
Table 3 shows ADVANCE 
performance 


information 
for the iDCX 96 Executive. 


IDCX 51 
iDCX96 


Function 
Time 
Time· 


<,...s) 
<,...s) 


Interrupt 
Latency 
130 
70 
w/Context 
Switch 


Interrupt 
Latency 
46 
42 
from Idle Stage 


Interrupt 
Latency 
N/A 
16 
w/Custom 
Handler 


RQALLOCATE 
18 
16 


RQSEND = > 
98 
46 
Non-Waiting 
Task 


RQSEND = > 
172 
90 
> Priority Waiting Task 


RQSEND = > 
137 
66 
<Priority 
Waiting Task 


RQWAtT on No Events 
27 
24 


Task Management 
Calls 


RQCREATETASK 
Create and schedule 
a new task. 


RQDELETETASK 
Delete the specified 
task from the system. 
RQGETFUNCTIONIDS 
Obtain the function 
IDs of tasks currently 
in the system. 


Intertask 
Communication 
Calls 


RQALLOCATE 
Obtain a message 
buffer from the system buffer pool. 


RQDEALLOCATE 
Return a message 
buffer to the system buffer pool. 


RQSENDMESSAGE 
Send a message 
to the specified 
task. 
RQWAIT 
Wait for interrupt, 
message, 
or interval. 


Interrupt 
Management 
Calls 


RQDISABLEINTERRUPT 
Temporarily 
disable multiple interrupts. 


RQENABLEINTERRUPT 
Reenable 
one or more interrupts 
previously 
disabled 
by 


RQDISABLEINTERRUPT. 


RQWAIT 
Wait for interrupt, 
message, 
or interval. 


Time Management 
Calls 


RQSETINTERVAL 
Establish 
a time interval. 


RQWAIT 
Wait for interrupt, 
message, 
or interval. 


inter 


Aside from the interrupt 
handler variables 
noted pre- 


viously, 
other 
system 
variables 
are made available 


to the user for system 
customization. 
Most of these 


variables 
must be defined 
during initial system 
con- 


figuration. 
Task-specific 
attributes 
like task 
priority, 
interrupt 
vectors, 
and function 
10 are assigned 
via 


the Initial Task 
Descriptor 
structure 
at configuration 


time. Table 4 shows 
the configuration 
constants 
ac- 
cessible 
to the user. These 
configuration 
constants 


give the iDCX 96 Executive 
added flexibility 
to satisfy 


the users needs. Table 5 shows other USER AVAIL- 
ABLE variables. 
Run-time 
variables 
reflect 
the con- 


dition 
of the running 
system. 
Development-time 
di· 


agnostic 
variables 
also reflect 
conditions 
of the run- 


ning environment, 
but are usually helpful 
during ap- 


plication 
development. 


Also, 
the 
executive 
allows 
for 
adding 
additional 


tasks 
to an already 
configured 
system 
or changing 


initial configuration 
constants 
via an Initial Data De- 


scriptor 
(100). The 100 structure 
lets the user rede- 


fine existing 
configuration 
constants 
without 
recon- 


figuring 
the 
entire 
system. 
Constants 
that 
may be 


redefined 
are the system: 
clock 
unit, clock 
priority, 


buffer pool address, 
buffer pool size, and buffer size. 


Constant 
Name 
Description 


ROMAXTASKS 
The maximum 
number of tasks that can exist in the system at'any given time. 
ROMAXPRIORITY 
The highest priority level that can be assigned 
to a task or to the system clock. 
ROCLOCKPRIORITY 
The priority level of the system clock. 
ROCLOCKTICK 
The number of time cycles in the system clock basic time unit (a 'tick"). 
ROSTACKPOOLADR 
The starting address of the system stack pool. 


ROSTACKPOOLLEN 
The length, in bytes, of the system stack pool. 


ROSYSPOOLADR 
The starting address of the system buffer pool. 


ROSYSPOOLLEN 
The length, in bytes, of the system buffer pool. 


ROSYSBUFSIZE 
The size, in bytes, of each buffer in the system buffer pool. 


ROFIRSTITD 
The absolute 
address of the first ITD in the ITD/IDD 
chain. 
RODIAGNOSTICS 
An entry point in which user-written 
power-up 
diagnostic 
code is added. 


Variable 
Size 
Access 
Description 


General 
Run-Time 
Variables 


ROTASKID 
WORD 
Read Only 
Contains 
the 10 of the running task 
ROCLOCKUNIT 
WORD 
Read/Write 
Specifies 
the unit of time for the system clock 
ROBUFSIZE 
WORD 
Read Only 
Specifies 
the size of the buffers in the system 


buffer pool 


Development- 
Time Diagnostic 
Variables 


ROPRIORITY 
WORD 
Read Only 
Contains 
the priority of the running task, or 


zero if the system is idle 


ROINITST ATUS 
WORD 
Read Only 
Specifies 
the system status at the end of the 


system initialization 
(low byte), and the 10 of 


the last task initialized 
(high byte) 


RORUNSTATUS 
BYTE 
Read Only 
Specifies 
certain occurences 
and conditions 


which exist during runtime 


ROST ACKOVERFLOW 
WORD 
Read Only 
Specifies 
which tasks, if any, may have stack 


overflow 
conditions 


Real-time 
control 
applications 
require reliability. 
The 


iDCX 96 Distributed 
Control 
Executive 
requires 
2.9K 


bytes 
of code 
space, 
75 bytes 
of on-chip 
register 


RAM, and a minimum 
of 56 bytes of data RAM. This 


streamlined 
executive 
increases 
performance 
and 


reliability 
by providing 
a range of services 
in a mini- 


mal amount 
of code. The compact 
nature of the ex- 


ecutive, 
in addition 
to its architecture, 
allows 
for in- 


corporating 
it into PROM or the memory 
of the 8096 


microcontroller 
further 
reducing 
component 
count of 


the total system. 


The iDCX 96 Executive 
is completely 
tested and ver- 


ified by Intel's stringent 
software 
evaluation 
process. 
Thus the user realizes 
higher system 
reliability 
with 


reduced 
effort 
by incorporating 
fully functional 
and 


tested 
software. 
Using the iDCX 96 Executive 
allows 


the software 
development 
team to focus on the ap- 


plication-specific 
parts of a project. 


The modular 
nature of the executive 
also enhances 


reliability 
by allowing 
user tasks 
to be refined 
inde- 
pendently. 
In this way, errors 
can be isolated 
more 


easily and corrected 
in each specific 
module. 
Using 


the iDCX 96 Executive 
for MCS-96 
microcontroller 


application 
development 
reduces 
risk and develop- 


ment time. 


The iDCX 96 Executive 
will operate 
on any of the 


MCS-96 
Family of microcontrollers. 
Tables 
6 and 7 


show 
the 
product 
family 
and 
a summary 
of 
the 


MCS-96 
Family features 
and benefits. 


Options 
68 Pin 
48 Pin 


Digital 
ROMless 
8096 
8094 


I/O 
ROM 
8396 
8394 


Analog 
ROMless 
8097 
8095 
and 
Digital 


I/O 
ROM 
8397 
8395 


The 48 pin version 
is available 
in DIP (dual 
inline) 
package. 


The 68 pin version 
comes 
in two 
packages, 
the plastic 
Flatpack 
and 


the Pin Grid Array. 


16-BitCPU 
8K Bytes ROM 


6 Addressing 
Modes 
High Speed I/O Unit 
4 dedicated 
I/O lines 
4 programmable 
I/O lines 


1O-Bit AID Converter 
Full Duplex Serial Port 
Up to 40 I/O Ports 


Programmable 
8 Source 
Priority Interrupt 
System 
Pulse Width Modulated 
Output 


Watchdog 
Timer 


48 Pin (DIP) & 68 Pin (Flatpack, 
Pin Grid Array) Versions 


Benefits 


Efficient 
machine with higher throughput. 


Large program 
space for more complex, 
larger programs. 


Large on-board 
register file. 


Provides good math capability 
16 by 16 multiply or 32 by 16 divide in 


6.5 P.s @ 12 MHz. 
Provides greater flexibility 
of programming 
and data manipulation. 


Can measure 
and generate 
pulses with high resolution 
(2 p.s @ 12 MHz). 


Reads the external 
analog inputs. 


Provides asynchronous 
serial link to other processors 
or systems. 


Provides TTL compatible 
digital data I/O including 
system expansion 


with standard 
8- or 16-bit peripherals. 


Respond 
to asyncchronous 
events. 


Provides a programmable 
pulse train with variable duty cycle. Also used 


to generate 
analog output. 


Provides ability to recover from software 
malfunction 
or hardware 
upset. 


Offers a variety of package 
types to choose from to better fit a specific 


application 
need for number of I/O's 
and package 
size. 


• 
LIB 96 
• 
FPAL 96 Floating 
Point Arithmetic 
Library 


Hardware 
development 
tools 
available 
for MCS-96 


microcontrollers 


• 
iSBE-96, 
Single 
Board 
Emulator 
for the MCS-96 
Family of Microcontrollers 


• 
VLSiCE-96 
In-Circuit 
Emulator 


Intel provides 
a complete 
development 
environment 
for the MCS-96 Family of microcontrollers. 
The iDCX 


96 Executive 
is only 
one 
of many 
of the software 


develoment 
products 
available. 
Figure 4 shows 
the 


iDCX 96 Executive 
development 
environment. 
The 


executive 
is compatible 
with the following 
software 


development 
utilities 
available 
from Intel: 


• 
8096 Macro Assembler 
(ASM 
96) 


• 
PL/M 
96 Complier 


• 
RL 96 Linker and Relocator 
Program 


Table 8 shows the possible 
MCS-96 Family develop- 


ment 
environments: 
host 
systems, 
operating 
sys- 


tems, 
available 
software 
utilities, 
and hardware 
de- 


bug tools. 


Development 
Utilities 
Host Systems 


Intellec@ 
iPDSTM 
IBM"" -PC 
Software 
Series III/IV 
Systems 
System 
System 


MCS@ 96 Software 
Support 
Package 
(ASM96) 
X 
X 
PL/M 
96 Software 
Package 
X 
X 
iDCX 96 Executive 
X 
X 
X 
XASM96, 
COMM96, 
ATOP 96" 
X 


Hardware 


iSBE-96, Single Board Emulator 
X 
X 
X 
VLSiCE-96, 
In-Circuit 
Emulator 
X 
X 


inter 


MCS-96 Family of Microcontrollers 
8094 
8394 
8095 
8395 
8096 
8396 
8097 
8397 


MCS-96 Software Support Package 
PLlM-96 Software Package 


iPDS System Host: 


·XASM96 
Assembles MCS-96 programs on the 
iPDSTM 
·COM96 
iPDS host 
communication 
software. 
Use with XASM96 


•ATOP96 
Performs host communications and as- 
sembly/disassembly 
of 
iSBE-96 
in- 


structions. Use with XASM96. 


·Products of U.S. Software 
5470 N.W. Innisbrook, Portland, OR 97229 
Phone: 503-645-5043 
Telex: 4993875 


Intellec Microcomputer Development System, 


Series III/IV 
iPDS Intel Personal Development System 
IBM Personal Computer 


SBE-96 Single Board Emulator for MCS-96 Family of 
Microcontrollers 
VLSiCE 96 In-Circuit Emulator 


Reference 
Manual (Supplied) 


148107-001 
iDCX 96 Distributed Control Executive 
User's Guide 


ORDERING 
INFORMATION 


Part Number 
Description 
iDCX96SU 
Executive for the MCS-96 Family of 
Microcontrollers 
Single User License, Development 
Only 


Media Supplied: B, E, F, J and I 


iDCX96BY 
Executive for the MCS-96 Family of 
Microcontrollers OEM License, De- 
rivative Products Media Supplied: B, 
E, F, J and I 


inter 
iSBE-96 DEVELOPMENT 
KIT 


SINGLE BOARD EMULATOR AND ASSEMBLER 
FOR THE MCS®-96 FAMILY OF MICROCONTROLLERS 


• 
Hosts 
-Intellec® 
Series III/IV Development 


Systems 
-IBM· 
PC AT, PC XT, and Compatibles 


(3.0) 


• 
Eight Software Execution Breakpoints 
That Can Selectively Be Turned On and 
Off 


• 
12 MHz Emulation Speed 


• 
Single Line Assembler/Disassembler 


• 
MCS®-96 Software Support Package 


• 
Configurable Serial I/O 


• 
17.75 of On-Board User Memory 


• 
Optionally Expandable to 64K of On- 
Board User Memory 


The iSBE-96 
emulator 
supports 
the execution 
and debugging 
of programs 
for the MCS-96 family of microcon- 
trollers 
at speeds 
up to 12 MHz. The 
MCS-96 
family 
configurations 
are shown 
in Table 
1. The 
iSBE-96 
emulator 
consists 
of an 8097 
microcontroller, 
a serial port and cables, 
and an EPROM-based 
monitor 
that 
controls 
emulator 
operation 
and the user interface. 


The 
iSBE-96 
emulator 
is a combination 
of hardware 
and 
software 
that 
permits 
programs 
written 
for the 
MCS-96 
family 
of microcontrollers 
to be run and debugged 
in the emulator's 
artificial 
environment 
or in the 
user's 
prototype 
system. 
As a result, development 
time can be reduced 
by the early integration 
of hardware 
and software. 


Integrated 
Hardware 
and Software 


Development 


The iSBE-96 emualtor 
allows hardware 
and software 


development 
to 
proceed 
simultaneously. 
This 
ap- 
proach 
is more time- and cost-effective 
than the al- 


ternate 
method: 
independent 
hardware 
and 
soft- 


ware 
development 
followed 
by system 
integration. 


With the iSBE-96 
emulator, 
prototype 
hardware 
can 


be added 
to the system 
as it is designed; 
software 


and hardware 
integration 
occurs while the product 
is 


being developed. 
The emulator 
aids in the recogni- 


tion of hardware 
and software 
problems. 


Emulation 
is the controlled 
execution 
of the proto- 


type software 
in the prototype 
hardware 
or in an arti- 


ficial 
hardware 
environment 
that 
duplicates 
the mi- 


crocontroller 
of the prototype 
system. 
The iSBE-96 


emulator 
permits 
reading 
and 
writing 
of 
system 


memory, 
and control 
of program 
execution. 
The em- 


ulator also allows interactive 
debugging 
of the proto- 


type software 
and can externally 
control 
program 
ex- 


ecution 
while 
operating 
in the 
prototype 
system. 
When the prototype 
system 
memory 
is not yet avail- 


able, the iSBE-96 
emulator's 
on-board 
memory 
per- 


mits software 
debugging. 


Table 
1. The Configurations 
of the MCS@·96 


Family of Microcontrollers 


68 Pin 
48 Pin 


ROM LESS 
8096 


Digital 1/0 
ROM 
8396 


EPROM 
8796 


ROM LESS 
8097 
8095 


Analog and 
ROM 
8397 
8395 
Digital 1/0 
EPROM 
8797 
8795 


The iSBE-96 
emulator 
software 
is available 
for use 


with the following 
host systems: 


• 
Intellec 
Series III and Series IV development 
sys- 


tems 


• 
IBM PC/AT 
and PC/XT 
computer 
systems 


The 
iSBE·96 
emulator 
software 
is also 
available 


from 
U S Software" 
for use on the 
Intel 
Personal 


Development 
System 
(iPDSTM) and the Intellec 
Se- 


ries II development 
system. 


"NOTE: 


U S Software 
is a registered 
trademark 
of United 


States Software 
Corporation. 


The iSBE-96 
emulator 
is supplied 
with a driver 
rou- 


tine that communicates 
with the monitor 
software 
on 


the iSBE-96 emulator 
board through 
serial channel 
1 


or 2 (com1 Icom2). 
The 
driver 
interrupts 
the 
8097 


using the 
non-maskable 
interrupt 
(NMI) 
line for in- 


coming 
keyboard 
input. The commands 
associated 


with the driver and the monitor 
are described 
in the 


following 
sections. 


ISBE·96 
Driver 


iSBE-96 
emulator 
is shipped 
with driver software 
for 


use on the Series 
1I1/1Vdevelopment 
systems 
and 


the IBM PC AT/XT 
running 
PC DOS, version 
3.0 or 


greater. 
The driver software 
provides 
a few easy-to- 


use commands. 
These 
commands 
are described 
in 


Table 2. ASM/DASM 
available 
on DOS version 
only. 


Table 2. iSBE·96 Driver Commands 


Driver Command 
Function 


ASM 
Loads memory with MCS-96 
assembly 
mnemonics. 


DASM 
Displays memory as MCS-96 
assembly 
mnemonics. 


EXIT 
Exits the driver and returns to 
the host operating 
system. 


<CONTROL> 
C 
Same as for the EXIT 
command. 


HELP 
Displays the syntax of all 
commands. 


INCLUDE 
Specifies 
a command 
file. 


<CONTROL> 
I 
Turns the command 
file on 


and off. 


<TAB> 
Same as <CONTROL> 
I 


(turns the command 
file on 


and off). 


LIST 
Specifies 
a list file. 


<CONTROL> 
L 
Turns list file on and off. 


<CONTROL> 
S 
Stops scrolling 
of the screen 


display. 


<CONTROL> 
Q 
Resumes 
scrolling 
of the 


screen display. 


<CONTROL> 
X 
Deletes the line being 
entered. 


<ESCAPE> 
Aborts the command 
executing. 


The 
iSBE·96 
monitor 
performs 
the 
following 
func- 


tions: 


• 
Loads and saves user programs. 


• 
Independently 
emulates 
user programs. 


Monitor 
Function 
Command 


BAUD 
Sets up the baud rate. 


BR 
Permits display and setting of 
up to eight software 
breakpoints. 
BYTE 
Permits display and changing 
of a single byte or range of 
bytes of memory or a single 
byte of the 8097 internal 
registers. 
CHANGE 
Permits display and changing 
of a series of memory words 
or bytes. 


<CONTROL> 
S 
Stops scrolling 
of the screen 


display. 
<CONTROL> 
Q 
Resumes 
scrolling 
of the 


screen display. 


<CONTROL> 
X 
Deletes the line being 
entered. 
<ESCAPE> 
Aborts the command 
executing. 
GO 
Begins emulation 
and 


continues 
until an enabled 


breakpoint 
is reached 
or the 


escape 
key is pressed. 


LOAD 
Loads programs 
and data 


from disks. 
MAP 
Permits mapping of several 
preprogrammed 
memory 


maps; also permits 
configurable 
serial I/O and 


selective 
servicing 
of the 


watchdog 
timer. 
PC 
Displays and changes 
the 


program 
counter. 


PSW 
Displays and changes 
the 


program 
status word. 
RESET CHIP 
Resets the 8096 to power-up 
conditions. 
SAVE 
Saves programs 
and data to 


disks. 
SP 
Displays and changes 
the 


stack pointer. 


STEP 
Provides single-step 
emulation 
with selective 


display formats. 
VERSION 
Displays the monitor version 
number. 


WORD 
Permits display and changing 
of a single word or range of 
words of memory or a single 
word of the 8097 internal 
registers. 


• 
Examines 
and changes 
memory 
contents. 


• 
Examines 
registers. 


• 
Maps the file capabilities 
of the serial ports (DS/ 


DT). 


• 
Maps different 
memory 
configurations. 


The monitor 
commands 
are described 
in Table 3. 


Integrating 
Hardware 
and Software 


When the prototype 
system 
hardware 
is developed, 


the 
iSBE-96 
emulator 
interfaces 
to 
the 
prototype 


through 
two 50-pin ribbon cables. 
The emulator 
can 


then execute 
code from the iSBE-96 
on-board 
RAM 


(or from 
user-provided 
memory) 
and 
exercise 
the 


prototype 
system 
hardware. 


Figure 
1 is a block 
diagram 
showing 
the 
iSBE-96 


emulator. 
The 
following 
sections 
describe 
each 


block. 


The 
68-pin 
processor 
of the 
iSBE-96 
emulator 
is 


used 
only 
in the 
8097 
external-access 
mode. 
An 


8097BH 
will be supported 
in 16-bit bus mode only. 


An adapter 
board is provided 
for the 68-pin PGA ver- 


sion of the 8096 and 8097 
microcontrollers. 
When 


debugging 
a 68-pin 
package, 
the two 50-pin 
ribbon 


cables 
plug into the 68-pin 
adaptor 
board 
which 
is 


plugged 
into the 68-pin socket 
on the prototype 
sys- 


tem. 


When 
debugging 
a 48-pin 
package, 
the two 50-pin 


cables 
plug into the 48-pin 
adaptor 
board, which 
is 


then 
plugged 
into a 48-pin 
socket 
in the prototype 


system. 
A 68-pin PLCC Adaptor 
may be ordered. 


The iSBE-96 emulator's 
memory-mapped 
I/O devic- 


es are used to manage the system. These I/O devic- 
es 
are 
mapped 
into 
memory 
between 
locations 


01 FOOH and 01 FFFH. 


Included 
as part of the I/O are two serial ports. One 


is configured 
as data set (OS) and the other as data 


terminal 
(DT). When operating 
with an Intellec4l> de- 


velopment 
system, 
the data set port is used as the 


system 
console 
and the link for exchanging 
files. 


inter 


The serial 
ports 
are serviced 
under 
control 
of the 
NMI interrupt. 
The NMI interrupt 
has highest 
priority 
on the microcontroller 
and interrupts 
the user pro- 
gram 
when 
characters 
are 
entered 
from 
the 
key- 
board. When in emulation, 
the monitor 
will still serv- 


ice inputs 
from 
the 
keyboard 
and 
execute 
certain 
monitor 
commands. 
Monitor 
activity 
is not transpar- 
ent to the user. 


There 
are 
eight 
28-pin 
JEDEC 
byte-wide 
sockets 
with 2K-by-8 static RAMS present 
on the board. The 
partition 
on the user's 
prototype 
system 
that will be 
ROM is simulated 
by RAM on the iSBE-96 emulator 
board. 
This RAM facilitates 
easy program 
develop- 
ment, allowing 
users to correct 
and test problems 
in 
their programs. 


ROMSIM 
can be expanded 
by replacing 
the iSBE-96 
RAMs with 8K-by-8 
static RAMs. 


The port 3-4 logic has two functions: 
to provide 
bus 


expansion 
and to provide 
I/O 
ports. 
The 
port 
3-4 


logic is controlled 
by a software 
switch available 
with 


the MAP command. 


The iSBE-96 
emulator 
reconstructs 
ports 3 and 4 of 


the 8395, 8396, and 8397 microcontrollers 
when the 


logic is defined 
by the MAP command 
as port 3-4. 


This port function 
should 
be selected 
when 
one of 


these four microcontrollers 
is intended 
as the target 


microcontroller. 


When the BUS switch of the MAP command 
is spec- 


ified, 
the 
iSBE-96 
address/data 
expansion 
bus 
is 


available 
to the prototype 
system. 


THE iSBE-96 
EMULATOR 
MEMORY 


MAP 


The target system should be designed 
with a memo- 


ry map that 
is compatible 
with one of the iSBE-96 


, 


USER 


~ 


ROMS 1M 


TRAP VECTOR- 


RESERVED 
FOR MONITOR 


ROMS 1M 


RESERVED 


USER 


DATARAM 


OR 
OPEN 


INTERNAL 
REGISTERS/ 


MONITOR 
ROUTINES 


OOOH 


Figure 2. ISBE-96 Emulator 
Default 
Mapping 


memory maps. Figure 2 shows the default address 
mapping. The following sections describe the areas 
of memory. 


Normally locations OOOHthrough OFFH contain the 
internal register space of the 8097. However, in- 
struction fetches from these locations access exter- 


tor's non-maskable interrupt'service routine and utili- 
ty routines. 


For the monitor to access the user memory, the ad- 
dress and data is passed to the interrupt or utility 
routines. The routines then modify the mode register 
to enable user memory, disable all of the monitor's 
memory (except page zero), and perform the appro- 
priate operation. After an operation is complete, the 
service and utility routines restore the mode register 
to its previous state and return to the main monitor 
code. The NMI service routine is used to handle the 
keyboard input on the serial port. 


Locations 100H to 7FFH are mapped as the DA- 
TARAM space. This RAM is for general purpose use 
and is optionally enabled by using the MAP com- 
mand. When the DATARAM buffer is not enabled, 
any access to this partition results in an access to 
user prototype system memory. 


Locations 800H to 1EFFH are a user area. If an ac- 
cess is made to this partition, it is directed to the 
user's prototype system. Any memory mapped as 
I/O in the user system should be placed in this parti- 
tion. With 8K-by-8 static RAMs, this area is located 
and available on the iSBE-96 board. 


Locations 1FOOHto 1FFFH are reserved by the 
monitor for on-board I/O devices. 


Because some of the MCS-96 family of microcon- 
trollers are ROMLESS parts, a user program can be 
loaded for execution into the on-board RAMS of the 
iSBE-96 emulator. Locations 2000H to 5FFFH are 
mapped to this RAM space; the space is called 
ROMSIM. 


Trap Vector 


Locations 2000H to 2010H are the interrupt vector 
locations. Vector address location 2010H is used by 
the iSBE-96 monitor for breakpoints. 


The partition 6000H to OFFFFH is mapped to the 
user prototype area. During emulation any access to 
this partition is directed to the user's prototype sys- 
tem. 


On-board memory can be expanded to a full 64K 
bytes by replacing the supplied 2K-by-8 static RAMs 
with 8K-by-8 static RAMs or PROMs. The user may 
also replace on-board ROMSIM memory with 2K-by- 
8 PROMs or even locate all 64K bytes of memory on 
the prototype system. 


Designers should note the following considerations 
for designing with the iSBE-96 emulator: 
• The iSBE-96 software uses 6 bytes of user stack 


space. 
• Analog signal accuracy is impaired when driven 


over the emulator cable (up to ± 5Q mV loss of 
A/D conversion accuracy). 


- - -- r-------- 


ric differences from the 8097 chip. 


• The NMI vector is used for console service (Intel 


reserved interrupt). 


• Keyboard activity during emulation affects real- 


time emulation because a 50 to 100 microsecond 
interrupt service routine is executed for every 
keystroke. 


• The only hardware reset available for the iSBE-96 


emulator is the system reset momentary switch 
(switch 1 on the emulator board). 


• User system memory should be configured to the 


iSBE-96 memory map (see Figure 2). 


• The iSBE-96 emulator does not support a user 


system crystal as shipped. 


• The iSBE-96 driver software provided by Intel is 


not compatible with the Intellec Model 800 or Se- 
ries /I Development Systems. 


• The IBM PC/AT and PC/XT have been evaluated 


and accepted by Intel as compatible hosts for its 
development systems. Intel has not evaluated 
any ohter PC DOS machines (3.0). However, Intel 
knows of no reason why these PC DOS machines 
would not be compatible hosts for its develop- 
ment systems. 


Equipment 
Supplied 


Standard 
MUL TIBUS@-size 
board assembly 


Two standard, 
18 in., 50-pin 
ribbon 
cables 
for con- 


nection 
to the user's 
prototype 
system 


Adapter 
board 
for the 48-pin 
DIP and 68-pin 
PGA 


versions 
of the MCS-96 
microcontroller 


One 8 in. single-density 
software 
disk for the Series _ 


III 


One 8 in. double-density 
software 
disk for the Series 


III 


ISBE-96 
User's 
Guide (Order number 
164116) 


iSBE-96 
Pocket 
Reference 
(Order number 
164157) 


Developing 
MCS-96 Applications 
Using iSBE-96 
(Or- 


der Number 
280249-001, 
AP-273) 


Physcial Characteristics 


Width: 
6.75 in. (17.15 cm) 
Length: 
12 in. (30:48 cm) 
Height: 0.75 in. (1.91 cm) 


Voltage 
Current 


+5V 
± 5% 
3.5a max 
+12V±5% 
0.06a max 


-12V 
± 5% 
0.05a max 


Environmental 
Characteristics 


Operating 
Temperature: 
10°C to 40°C 


Operating 
Humidity: 
10% 
to 
85% 
relative 
hu- 


midity, 
without 
condensa- 


tion 


IBM PC XT/AT 
Host Requirements 


• 
PC DOS, version 
3.0 or greater 


• 
External 
power supply 


• 
Serial channel 
Com1/Com2 
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Intel 3065 Bowers Ave. 
Santa Clara, CA 95051 
Part Number Description 
SBE96SKIT 
iSBE-96 single board emulator for 
use with the Series III/IV develop- 
ment systems. The kit contains the 
following parts: 


• iSBE-96 single board emulator 
• MCS-96 software support package 


for the Series III/IV development 
systems 


• iSBE-96 Series III/IV upgrade kit 


(cables and software needed to 
run on Intel Hosts) 


SBE96DKIT 
iSBE-96 single board emulator for 
use with the IBM PC/AT and PC/XT 
computer systems. The kit contains 
the following parts: 


• iSBE-96 single board emulator 
• MCS-96 software support package 


for PC DOS 


• iSBE-96 DOS upgrade kit (cables 


and software needed to run on the 
IBM PC/AT or PC/XT) 


iSBE-96 DOS upgrade kit for those 
customers who wish to upgrade their 
Series III/IV kit to run on the IBM PC 
AT or PC XT. 
iSBE-96 Series III/IV upgrade kit for 
those customers who wish to up- 
grade their DOS kit to run on Intel 
Hosts). 
68-pin PLCC Adaptor Board. 


US Software 
5470 N. W. Innisbrook 
Portland, OR 97229 
Phone: 503-645-5043 
International Telex 4993875 
Part Number 
Description 
XASM96 
Performs assembly of MCS@-96pro- 
grams written on the iPDS. 


ATOP96 
iPDS and Series II software for iSBE- 
96 host communications. Performs 
host communications and assembly/ 
disassembly of iSBE-96 instructions. 
The XASM Host Cross Assembler 
software must be ordered with this 
software. 
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VLSiCE-96 


IN-CIRCUIT EMULATOR FOR THE 8X9X 


FAMILY OF MICROCONTROLLERS 


• 
Shadow 
Registers 
Allow Reading 
Many 


8096 Write-Only 
and Writing 
Many 


Read-Only 
Registers 


• 
Break and Trace 
are Qualified 
on 


Execution 
Addresses, 
Data Addresses, 


and Values (Both External 
and Internal 


RAM), Opcodes, 
Selected 
PSW Flags, 


and 2 External 
Sync Lines 


• 
Equipped 
with the Integrated 
Command 


Directory 
(ICDTM) Which Provides 


- 
An On-Line 
Help File 
- 
A Dynamic 
Syntax 
Menu 
- 
Dynamic 
Command-Entry 


- 
Error Checking 
- 
On-Line 
Editor 


• 
Serially 
Linked to Intel Series 
III/IV 


Hosts or IBM· 
PC-XT and AT 
The VLSiCE-96 
In-Circuit 
Emulator 
is a debugging 
and test tool used for development 
of the hardware 
and 
software 
of a target 
system 
based 
on the 8X9X family 
of microcontrollers 
(8095, 
8096, 
8097, 
8395, 
8396, 
8397, 8795, 8796, 8797, 8098, 8398, 8798) including 
BH components. 


• 
Precise 
Real-Time 
Emulation 
of the 


8X9X Family of Components 


• 
64K of Mappable 
Memory 
for Early 


Software 
Debug and (EP)ROM 


Simulation 


• 
A 4K-Entry 
Trace 
Buffer for Storing 


Real-Time 
Execution 
History, 
Including 


Both Code and Data Flows 


• 
Fastbreaks 
and Dynamic 
Trace 


• 
Symbolic 
Debugging 
Allows Accesses 


to Memory 
Locations 
and Program 


Variables 
(Including 
Dynamic 
Variables) 


Using Program-Defined 
Names from 


the User's Assembler 
or Compiler 


Source 
Code 


intJ 


The VLSiCE-96 emulator allows hardware and soft- 
ware development of a design project to proceed 
simultaneously. With the VLSiCE-96 emulator, proto- 
type hardware can be added to the system as it is 
designed and software can be developed prior to 
the completion of the hardware prototype. Thus, 
software and hardware can be integrated while the 
product is being developed. 


The VLSiCE-96 emulator assists four stages of de- 
velopment: 


• Software development 
• Hardware development 
• System integration 


• System test 


Software 
Development 


The VLSiCE-96 emulator can be operated without 
being connected to a prototype or before any of the 
prototype hardware is available. In this stand-alone 
mode, the VLSiCE-96 emulator can be used to facili- 
tate application program development. 


Hardware 
Development 


Because the VLSiCE-96 emulator precisely matches 
the component's electrical and timing characteris- 
tics as well as full bus access, it is a valuable tool for 
hardware development and debug. 


Integration of software and hardware begins when 
the microcontroller socket is connected to any func- 
tional element of the target system. As each section 
of the user's hardware is completed, it is added to 
the prototype. Thus, each section of the hardware 
and 
software 
can 
be 
system 
tested 
with 
the 


VLSiCE-96 emulator in real-time operation as it be- 
comes available. 


When the prototype is complete, it is tested with the 
final version of the system software. The VLSiCE-96 
emulator can then be used to verify or debug the 
target system as a completed unit. 


By providing support for the ROMLESS, ROM, and 
EPROM 
versions 
of 
the 
microcontroller, 
the 


VLSiCE-96 emulator has the ability to debug a proto- 
type or production product at any stage in its devel- 


opment without introducing extraneous hardware or 
software test tools. 


The VLSiCE-96 emulator consists of the following 
components (see Figure 1): 


• Software (includes the VLSiCE-96 emulator soft- 


ware, diagnostic software, and tutorial) 


• 68-pin PGA adaptor 


68-pin PLCC adaptor (optional) 
48-pin DIP adaptor (optional) 


• Controller pod 
• User cable assembly (consisting of the user ca- 


ble and processor module) 


• Serial cable (host-specific) 
• Crystal power accessory (CPA) 
• Multi-synchronous accessory (MSA) (optional) 


• Power supply and Vcc booster module 
• AC and DC power cables 


VLSiCE-96 software fully supports all mnemonics, 
object file formats. and symbolic references generat- 
ed by Intel's ASM-96, PL/M-96, and C-96. 


The on-line tutorial is written in VLSiCE-96 command 
language. Thus, the user is able to interact with and 
use the VLSiCE-96 emulator while executing the tu- 
torial. 


The controller pod contains 64K of ICE memory, a 
4K-entry trace buffer, and circuitry that provides 
communication between the host and the emulator. 


The processor module contains a special version of 
the Intel 8096 microcontroller, called the emulation 
processor. This chip performs real-time and single- 
step execution of a program's object code for exe- 
cution and debugging purposes in place of the target 
system microcontroller. 


The crystal power accessory (CPA) is a small de- 
tachable board that connects to the back of the con- 
troller pod and is used to run the VLSiCE-96 emula- 
tor in the stand-alone mode. It is also used when 
running customer confidence tests. In the stand- 
alone mode, the user plug on the user cable is con- 
nected through the 68-pin PGA adaptor to the CPA. 
The CPA supplies clock and power. Stand-alone 
mode is used to test and debug software prior to the 
availability of hardware. 


The optional multi-synchronous accessory can be 
used to connect the VLSiCE-96 emulator with up to 
20 multi-ICE compatible emulators together for syn- 
chronous GO and BREAK emulation, and TRACE. 


inter 


It can also be used with other debug equipment 
such as logic analyzers and oscilloscopes for syn- 
chronous GO, BREAK and TRACE. 


The serial cable connects the host system to the 
controller pod. The serial cable has electrical specifi- 
cations similiar to the RS-232C standard. 


The power supply connects to the controller pod via 
the Vcc booster module and the DC power cable. 
There are several voltage options available for the 
power supply depending on switch settings on the 
back of the power supply. 


A comprehensive set of documentation is included 
with the VLSiCE-96 emulator. 


Figure 1 shows a drawing of the VLSiCE-96 emula- 
tor. 


The VLSiCE-96 emulator assists hardware and soft- 
ware design engineers in developing, debugging and 
testing designs incorporating the 8X9X family of mi- 
crocontrollers. 
The 
following 
are 
some 
of 
the 


VLSiCE-96 features: 


Emulation is the controlled execution of the proto- 
type software in the prototype hardware or in an ar- 
tificial hardware environment that duplicates the 
microcontroller 
of 
the 
target 
system. With 
the 


VLSiCE-96 emulator, emulation is a transparent pro- 
cess that happens in real-time without sacrificing mi- 
crocontroller resources. The execution of prototype 
software is facilitated through the VLSiCE-96 com- 
mand language. 


Memory Mapping 


There are 64 Kbytes of zero-waitstate, high-speed 
mappable memory available. This memory space 
can be mapped to either the target system or to the 
on-board VLSiCE-96 memory space in 1 Kbyte 
blocks on 1 Kbyte boundaries. Mapping memory to 
the VLSiCE-96 emulator allows software develop- 
ment to proceed before prototype hardware is avail- 
able. Memory mapping also gives the VLSiCE-96 
emulator the capability to simulate the 8 Kbytes of 
(EP)ROM on those versions of the chip for code ver· 
ification and validation. 


PROCESSOR 


~ 


inter 


Memory 
Examination 
and Modification 


The memory space for the 8X9X component and its 
target hardware is accessible through the emulator. 
The VLSiCE-96 software allows the component's 
special function registers to be accessed mnemoni- 
cally (e.g. AD_RESULT, INT_MASK). A significant 
benefit to the VLSiCE-96 is its ability to read many of 
the write-only registers (e.g. lOCO, PWM_CON- 
TROL) and to write many of the read-only registers 
(e.g. AD_RESULT, SBUFRX). 


Data can be displayed or modified in several bases: 
hex, decimal, and binary, and in standard formats 
including: ASCII, real and integer. Program code can 
be disassembled and displayed as assembler mne- 
monics. It also can be modified with standard as- 
sembler statements. 


Memory locations can also be examined or modified 
by their symbolic references. A symbolic reference is 
a procedure name, line number, or label in the user 
program that corresponds to a memory location. 


Some typical symbolic functions include: 
• Changing or inspecting the value of a program 


variable by using its symbolic name, rather than 
the address of the memory lacation. 
• Defining break and trace events using symbolic 
references. 


• Referencing static variables, dynamic (stack-resi- 
dent) variables, based variables, and record 
structures combining primitive data types. The 
primitive data types are ADDRESS, BOOLEAN, 
BYTE, CHAR (character), WORD, DWORD (dou- 
ble word), INTEGER, LONGINT, SHORTINT, and 
REAL. 


The VLSiCE emulator maintains a virtual symbol ta- 
ble for program symbols making it possible for the 


table to exist without fitting entirely into host RAM 
memory. The size of the virtual symbol table is con- 
strained only by the capacity of the disk. 


Breakpoints allow halting of a user program in order 
to examine the effect of the program's execution on 
the target system. Breakpoints can be defined as 
execution addresses, data addresses and data val- 
ues (both external and internal 
RAM), opcodes, se- 


lected bits of the PSW flag, and as 2 external inputs 
(SYNCOINAND SYNC1IN). These breaks can be ar- 
ranged to occur over a range of addresses and with 
up to 8 levels of arming and disarming. After a break 
the user program can resume execution from where 
it left off. 


Trace Specifications 


Tracing can be triggered with the same conditions 
set for breaking. The trace buffer is displayed as dis- 
assembled instructions, data fetches and stores, 
and with the timetag showing the relative time at 
which the program executed each instruction. Figure 
2 shows a trace display as a result of the PRINT 
command. 


Normally, the VLSiCE-96 emulator traces program 
activity while the user program executes. With a 
trace specification, tracing can be specified to occur 
only when specific conditions are met during execu- 
tion. The trace buffer collects data for up to 4 Kbyte 
entries of information during emulation. 


The trace buffer can be examined during halt mode 
or if non-stop emulation is desired; the trace can be 
examined while emulation continues. If this second 
option is selected, trace collection stops while the 
trace buffer is uploaded to the host. 


hlt>PRINT 
CYCLES NEWEST 8 


FRAME ADDRESS CODE 
MNEMONIC OPERANDS 
TIME 


(0017) 


(0018) 
(0019) 
(0020) 
(0021) 


(0022) 


(0023) 
(0024) 


2086H 18EF80 
[OOEFH]= 
A3H(R) 
2089H OOFF 
208BH FF 
2080H E70000 
2083H 090000 
[OOOOH]=OOOOH(R) 
2086H 18EF80 
[OOEFH]= 
2089H OOFF 
208BH FF 


SHRB 80H,EFH 


[0080H]= 
OOH(R) 


SKIP FFH 
RST 
LJMP $+0003H 
SHL 
RO,#OH 


[OOOOH]=OOOOH(W) 
SHRB 
80H,EFH 


A3H(R) 
[0080H]= 
OOH(R) 


SKIP 
FFH 
RST 


5221 US 
[0080H]= 
OOH(W) 


5222 US 
5223 US 
5233 US 
5225 US 


5236 US 
[0080H]= 
OOH(W) 


5237 US 
5238 US 


Arming and Triggering 


The VLSiCE-96 
command 
language 
allows 
specifi- 


cation 
of complex 
events 
with up to 8 states, 
each 


with several conditions. 
For example, 
a specification 


can be made that causes 
a break to occur 
when a 


variable 
is written 
only within 
a certain 
procedure. 
The execution 
of the procedure 
is the arm condition 


and the variable 
modification 
is the break condition. 


The 
arm condition 
is an optional 
part of a break/ 


trace sequence 
in the VLSiCE emulator. 
A set of arm 


conditions 
can be used to ensure that a break is not 


possible 
until 
all required 
qualifying 
conditions 
are 


satisfied. 


Debugging 
procedures 
(PROCS) 
are a user-named 


group 
of VLSiCE 
commands 
that are executed 
se- 


quentially. 
Procs 
can simulate 
missing 
hardware 
or 


software, 
collect 
debug information, 
and make trou- 


bleshooting 
decisions. 
They 
can be copied 
to text 


files on disk, then included 
from the file into the com- 


mand sequence 
in later test sessions. 


Procedures 
can also serve 
as programmable 
diag- 


nostics, 
implementing 
new emulator 
commands 
for 


special 
purpose. 


Fastbreaks 
make it possible 
to examine 
and modify 


memory 
without 
halting 
emulation. 
The commands 


that 
can be executed 
are simple 
one-access 
func- 


tions, such as, WORD 
1FH or 10SO. When enabled, 
fastbreaks 
occur 
whenever 
a 
memory 
access 
is 


made. 


Breakpoints 
and tracepoints 
can be re-specified 
dur- 
ing emulation 
with fastbreaks 
enabled. 


While 
emulation 
does 
not halt during 
fastbreaks, 
a 


delay in code execution 
occurs 
when a fastbreak 
is 


requested. 
In most cases, 
this latency 
in code exe- 


cution 
is less than 150 JLs. 


Interrupts 
During Interrogation 
(101) 


Mode 


The VLSiCE-96 
software 
can service 
and record 
in- 
terrupts 
even though 
emulation 
has been halted (in- 


terrogation 
mode). 
In the special 
mode 
designated 


as 101 mode, 
hardware 
interrupts 
can 
be serviced 


while 
the 
emQlator 
is 
being 
interrogated. 


Use of this mode 
is determined 
by the setting 
of a 


VLSiCE-96 
pseudo-variable 
(IDI_PC). 
After 
break- 


ing from emulation 
or fastbreaks 
mode, whenever 
an 


interrupt 
occurs, 
the processor 
jumps to the appro- 


priate vector 
and executes 
the interrupt 
service 
rou- 


tine. 


The setting 
of another 
VLSiCE-96 
pseudo-variable 


(INT _REC_EN) 
allows 
the recording 
of interrupts 


but not the servicing 
of interrupts, 
during halt mode. 


If the pseudo-variable 
is set to TRUE, 
all interrupts 


are 
recorded 
in the 
INT_PENDING 
register, 
and 


serviced 
when the emulator 
re-enters 
emulation. 


Dynamic Tracing 


The trace 
buffer 
can be accessed 
in two ways, dy- 


namically 
during emulation 
and statically 
after emu- 


lation 
halts. While 
dynamically 
tracing, 
any form 
of 


the PRINT command 
can be entered 
and the speci- 


fied portion 
of the trace buffer 
is displayed. 
This al- 


lows real-time 
display 
of processor 
activity. 
Display- 


ing the trace buffer during emulation 
stops collection 


of trace and some trace information 
can be lost, but 


emulation 
is unaffected. 


On-Line Syntax Guide 


A special 
syntax 
guide 
called 
the 
Integrated 
Com- 


mand 
Directory 
(ICD), at the bottom 
of the display 


screen, 
aids 
in creating 
syntactically 
correct 
com- 


mand lines. Figure 3 shows 
an example 
of the ICD 


for the GO command. 


This feature 
provides 
assistance 
with the emulator 


commands 
through 
the host terminal. 
HELP is avail- 


able for most of the commands. 
Figure 4 shows help 


for one of the commands. 


Multi-Synchronous 
Operation 


The VLSiCE-96 
emulator 
can run with other 
emula- 


tors, and lab equipment 
such as logic analyzers 
or 


oscilloscopes. 
VLSiCE-96 
emulators 
can 
be daisy- 


chained 
together 
in a network 
to work simultaneous- 


ly to test a prototype 
system. The multi-synchronous 


operation 
is facilitated 
by the optional 
multi-synchro- 


nous accessory. 


There 
are design considerations 
to be aware of be- 
fore designing 
with the VLSiCE-96 
emulator. 


The 
user pin timings, 
thresholds, 
and loadings 
are 


identical 
to the 8096 component 
except 
the RESET 


and 
CLKOUT 
pins 
have 
an 
additional 
loading 
of 


1 /LA and 10 pF. The Non-Maskable 
Interrupt 
(NMI) 


is not supported. 


Clock Frequency 
Vcc 


Min. 
Max. 
6 MHz 
10 MHz 
Emulator 
does not 


require system 
power to operate. 


OmA 


The 
user plug 
is on the 
end 
of a three 
foot 
(1m) 


flexible 
cable. 
Adequate 
spacing 
must 
be provided 


on the target 
system 
to allow the emulation 
proces- 


sor board and user plug to be inserted 
into the target 


system. 


The height of the user plug should be considered 
for 


multiple 
board 
system 
prototypes 
that 
need 
to be 


debugged 
and tested. 
Be sure that 
the 
space 
be- 


tween 
the boards 
is greater 
than 1%" 
(4 cm) to al- 


low for the user plug. 


Figure 5 shows 
the user plug dimensions. 
The user 


plug comprises 
the 
emulator 
processor 
board 
and 


the 68-pin 
or 48-pin 
adaptor. 
In the figure, 
please 


note the location 
of pin 1 on each adaptor. 
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hI t > 
HELP 
ASM 
The ASM command displays or modifies memory as 8096 mnemonics. 
The syntax is: 


<asm-spec> 
::=<parti tion> 
[=' <asm96-inst> 
I [. 
I <asm96-inst> 
']*] 
I <address> 
= <cr> 


The "ASM <address> 
=" syntax puts the user in line-mode, displaying the 


current address at which the assembly instruction will be placed and not 
requiring the quotes around the instructions. 


Other Considerations 
• 
The non-maskable 
interrupt 
(NMI) is not support- 
ed. 


• 
The 
counters 
for 
the 
pulse 
width 
modulator 


(PWM) and hardware 
Timer1 can be out of sync if 
either are disabled 
during interrogation. 
Synchro- 
nize them by resetting 
the emulator. 


• 
The Zero flag is always 
cleared 
in the SUBC in- 


struction. 
Therefore, 
the 
relational 
operators 


< = and > for LONG variables 
in C96 V1.0 and 
LONGINT 
variables 
in PLlM-96 
V1.1, work incor- 
rectly. 
These 
languages 
have 
been 
tailored 
for 
the 8X9X-90 
microcontroller 
which 
either sets or 
resets the Zero flag in the SUBC instruction. 


If there is a memory-resident 
program 
that is perma- 
nent on the PC, use of the DOS shell escape 
may 
corrupt 
the VLSiCE-986 
software. 
To insure reliabili- 


ty, do not use the system 
escape 
on host systems 


that have permanent 
memory-resident 
programs. 


The VLSiCE-96 
emulator 
has some 
properties 
that 
are inherent 
in the 8X9XBH 
component. 
These are: 


• 
Neither the source 
nor the destination 
address 
of 


the Multiply 
or Divide instructions 
can be a writa- 
ble special 
function 
register. 


• 
The 
special 
function 
registers, 
except 
RO, may 


not 
be used 
as base 
or index 
registers 
for 
in- 


dexed or indirect 
instructions. 


• 
Several 
of the special function 
registers 
can only 


be 
accessed 
as 
words, 
while 
others 
only 
as 


bytes. 
These 
restrictions 
are listed 
in the 
8096 


User's 
Manual. 


• 
The sticky flag is not affected 
when a skip by 0 is 


executed. 


• 
To emulate the 8X9X-90 
microcontroller, 
memory 


location 
2018H 
in both 
target 
system 
emulator 


mapped 
memory 
should 
be OFFH. 


• 
The 
JBS 
and 
JBC 
instructions 
cannot 
be used 


directly 
on Port 2.1. 


Host Requirements 


An IBM PC XT or PC AT with 512 Kbytes 
RAM and 


hard disk. 
Intel 
recommends 
and 
IBM PC AT with 


640 Kbytes 
of RAM, one floppy 
drive and one hard 


disk, running 
PC-DOS 3.1 or later. 
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An Intellec@ 
Microcomputer 
Development 
System, 
Series 
III or Series 
IV, running 
under 
ISIS or iNDX, 


with at least 512 Kbytes of application 
memory 
resi- 
dent, with dual floppy or one hard disk and one flop- 
py drive required. 


VLSiCE-96 
emulator 
software 


VLSiCE-96 
confidence 
tests 


VLSiCE-96 
tutorial 
software 


System Performance 


Mappable 
zero wait- 
Min 0 Kbytes 
Mappable 
to 


state (up to 10 MHz). 
Max 64 Kbytes user 
memory 
or ICE memory 
in 
1K 
blocks 
on 1K bounda- 
ries. 


Trace Buffer 
4 Kbytes x 48 bits 


Virtual Symbol Table 
A maximum 
of 61 
Kbytes 
of 


host 
memory 
space 
is avail- 


able for the virtual 
symbol 
ta- 


ble (VST). The rest of the VST 
resides 
on disk and 
is paged 


in and out of host memory 
as 


needed. 


Width: 


Height: 


Depth: 


Weight: 


8%" 
(21 cm) 
1%" (4 cm) 


13% (34 cm) 


4 Ibs (2 kg) 


intJ 


Width: 
Height: 
Depth: 
Weight: 


7%" (18 cm) 
4" (10 cm) 
11" (28 cm) 
15 Ibs (7 kg) 


Power Supply 


100V-120V or 200V-240V (selectable) 
50 Hz-60 Hz 
2 amps (AC max) @ 120V 
1 amp (AC max) @ 240V 


Operating Temperature: O°C to + 40°C (+ 32°F to 


+ 104°F) 


Operating Humidity: 
Maximum of 85% relative 
humidity, non-condensing 


VLSiCE-96 In-Circuit Emulator User's Guide, order 
number 165814 


VLSiCE-96 In-Circuit Emulator Pocket Reference, 
order number 165815 


VLSiCE-96 In-Circuit Emulator Installation Supple- 
ment, order number 166477 


VLSiCE-96 Emulator Tutorial Guide, order number 
165816 


Order Code 
V096KITA 
Description 
VLSiCE-96 power supply and cable, 
emulation base, user cable, CPA, seri- 
al cables for PCAT and PC XT, 68-pin 
PGA target adaptor, ASM-96, AEDIT 
text editor. Host, probe, diagnostic 
and tutorial software is on 5%" media 
for DOS hosts running DOS V3.0 or 
greater. [Requires software license.) 


Same as V096KITAD without ASM-96 
and AEDIT text editor. 
VLSiCE-96 power supply and cable, 
emulation base, user cable, serial ca- 
ble, CPA, 68-pin PGA target adaptor, 
ASM-96, and AEDIT text editor. Host, 
probe, diagnostic and tutorial soft- 
ware is on 8" single density and 8" 
double density media for hosting on 
an Intel Series III, and 5%" media for 
Series IV [Requires software license.) 
Same as V096KITAS without ASM·96 
and AEDIT text editor. 


Order Code 
TA096E 
TA096B 


Description 
Optional 68-pin PLCC Adaptor board 
Optional 48-pin DIP Target Adaptor 
board. 


Order Code Description 


MSA96 
Optional Multi-Synchronous Accesso· 
ry for multi-ICE capability. 


Order 
Code 
SA096D 


Description 
Software for host, probe, diagnostic 
and tutorial on 5%" 
media for use 


with the PC AT and PC XT under PC- 
DOS V3.0 or greater. [Requires soft- 
ware license.] 
Software for host, probe, diagnostic 
and tutorial on 5%" 
media for use 


with the PC AT and PC XT under PC- 
DOS V3.0 or greater. [Requires soft- 
ware license.] 
Software for host, probe, diagnostic 
and tutorial on 8" single density and 
8" double-density media for use with 
a Series III, and 5%" 
media for use 


with a Series IV. [Requires software 
license.] 


Other Useful Intel 8X9X Debug and 
Development 
Support Products 


Order Code 
186ASM96 


Description 
Consists of the ASM 96 macro as- 
sembler that translates symbolic 
assembly 
language 
mnemonics 


into relocatable object code, and 
the RL96 linker and relocator pro- 
gram that links modules generated 
by ASM 96 and PL/M 96 and lo- 
cates the linked object modules to 
absolute memory locations. Sys- 
tem requirements and Intellec Sys- 
tem running iNDX. 
Consists of the PL/M 96 compiler 
that provides high level program- 
ming language support, the LIB 96 
utility that creates and maintains li- 
braries of software object modules, 
the FPAL96 floating point arithme- 
tic library, and the RL96 linker and 
relocator program that links mod- 
ules generated by ASM 96 and 
PL/M 96 and locates the linked ob- 
ject modules to absolute memory 
locations. 
System 
requirements 


and Intellec System running iNDX. 


ASM/R&L 96 for PC-DOS. It con- 
tains a macro assembler, a linker/ 
locator utility, a floating point utility 
and a librarian. System require- 
ments are an IBM PC AT or PC XT 
with 512 Kbytes of RAM and PC- 
DOS 3.0 or greater. 
PL/M 96 and R&L for PC-DOS. It 
contains a compiler, a linker/loca- 
tor utility, a floating point utility and 
a librarian. System requirements 
are an IBM PC AT or PC XT with 
512 Kbytes of RAM and PC-DOS 
3.0 or greater. 


C96 and R&L for PC-DOS. Con- 
tains a compiler linker/locator utili- 
ty, and all standard C Iibra~es 
including STDIO. System require- 
ments are an IBM PC AT or PC XT 
with 512 Kbytes of RAM and PC- 
DOS 3.0 or greater. 
iSBE-96 single board emulator for 
use with the Series III/IV develop- 
ment systems. The kit contains: 
iSBE-96 single board emulator 
iSBE-96 Series III/IV upgrade kit 
(cables and software needed to 
run on Intel Hosts). 
iSBE-96 single board emulator for 
use with the IBM PCAT and PC XT 
computer systems. The kit con- 
tains: iSBE-96 single board emula- 
tor 8096 software support package 
for 
PC-DOS. iSBE-96 DOS up- 


grade 
kit 
(cables 
and 
software 


needed to run on the IBM PCAT or 
PC XT). 


Running the iSBE-96 emulator on the Series II and 
iPDS system requires software from: 


U.S. Software Corporation 
5470 N.w. Innisbrook 
Portland, OR 97229 
Phone: 503-645-5043 
International Telex: 4993875 


REtiL-TlME 
TRtlNSPtlRENT BOCI96IN-CIRCIJIT 
EMIJLtlTOR 


The ICE-I 96PC in-eircuit 
emulator 
delivers 
real-time 
high-level debugging 
capabilities 
for developing. 
integrating 
and testing 80C I 96-based designs. Operating 
at the full speed of the 80C 196 


microcontroller. 
the ICE-I 96PC provides 
precise I/O pin timings 
and functionality. 
The ICE-I 96PC 


also allows you to develop code before prototype 
hardware 
is available. 
The ICE-196PC in-eircuit 


emulator 
represents 
a low·cost development 
environment 
for designing 
real-time 
microcontroller- 


based applications 
with minimal 
investment 
in time and resouroes. 


• 
Real-Time Emulation 
of the 80CI96 


Microcontroller 


• 
64K Bytes of Mappable 
Memory 


• 
2K-entry 
Trace Buffer 


• 
3 Breakpoints 
or 1 Range Break 


• 
Symbolic 
Support 
and Source Code Display 


• 
Standalone 
Operation 
• 
Versatile and Powerful Host Software 


• 
Hosted On IBM PC XT. AT- or Compatibles 
With DOS 3.0 or Later 


REtiL-TIME 
EMIJLtlTlON 


The ICE·196PC provides 
real-time emulation 
with the precise input/output 
pin timings 
and functions 
across the full operating 
frequencies 
of the 80C 196 microcontroller. 
The ICE-196PC connects to the 


intended 
80CI96 
microcontroller 
socket via a 16' 
flex cable. which terminates 
in a 68-pin PLCC 
probe. 


MtlpmBLE 
MEMORY 


The ICE·196PC has 64K bytes (65,536) 
of zero wait-state 
memory 
that can be enabled or mapped as read-only. write-only 
or readlwrite 


in 4K byte increments 
to simulate 
the internal 
(EP)ROM of the 


8OCl96 
or external 
program 
memory. 


inter-------- 


.pc XT. AT are tradcmart.s 
d IBM. 


hul 
C'.orporaUon 
assumes 
no responslbililY 
for the use d any circuitry 
ot.her than 
drcultry 
embodied 
in an Intel 
product 
No other 
circull 
patenl 
licenses 
are 


Implied. 
InformallOO 
conLalned 
herein 
supersedes 
previously 
publIshed 
specIfications 
on these 
devices 
from 
[ntel 


TRACE BIJFFER 


The ICE-196PC contains a 2K (2048) entry trace buffer for 
keeping a history 
of actual instruction 
execution. The trace 


buffer can be displayed 
as disassembled 
instructions 
or. 


optionally. 
disassembled 
instructions 
and the original 
C-96 


and PUM-96 
source code. 


BREAK SPECIFICATION 


Three execution address breakpoints 
or one range of 


addresses can be active at any time. The lCE-196PC 
allows any number of breakpoints 
to be defined and 


a.ctivated when needed. 


St'MBOUC 
SIJPPORT AND SOIJRCE 
CODE DISPLAt' 


Full ASM-96. PUM-96 
and C-96 language symbolics. 
including 
variable typing and scope. are supported 
by the 


ICE-196PC memory accesses. trace buffer display. 
breakpoint 
specification. 
and assembler/disassembler. 


Additionally. 
C-96 and PUM-96 
source code can be 


displayed 
to make development 
and debug easier. 


s p t; (; I t' I(:.\T I 0 , S 


STANDALONE OPERATION 


Product software can be developed prior to hardware 
availability 
with the optional 
Crystal 
Power Accessory 


(CPA) and the ICE-196PC mappable 
memory. The CPA also 


provides diagnostic 
testing to assure full functionality 
of 


the ICE-196PC. 


J'ERSATILE AND roWERFIlL 
HOST 


SOITWARE 


The ICE-196PC comes equipped with an on-line help 
facility. a dynamic command 
entry and syntax guide. built- 


in editor. assembler 
and disassembler. 
and the ability 
to 
customize the command 
set via literal definitions 
and 


debug procedures. 


HOSTING 


The ICE-196PC is hosted on the IBM PC XT. AT or 
compatibles 
with PC-DOS 3.0 or later. 


HOST REf)IJIREMENTS 


IBM PC XT. AT (or compatible) 
512K bytes RAM. Hard Disk 
PC-DOS 3.0 or Later 
One Unused Peripheral 
Slot 
DC Current 2.5A 


TARGET INTERFACE BOARD 


Length 
2.0' 
(5.1cm) 
Height 
1.2' 
(3.OCm) 
Width 
2.3' 
(5.8cm) 


IJSERCABLE 


Length 
15.6' 
(39.6cm) 


PROBE ELECTRICAL 


80C 196· plus per pin 
50pf loading 
5ns propagation 
delay 
Ice (from target system) 
50mA @ 12 MHz 


Operating 
Frequency 
3.5 to 12 MHz. 
J 2 MHz only 


with CPA 


Operating 
Temperature 
lOoC to 40°C 
37.5°F 
to lO4°F 


Operating 
Humidity 
Maximum 
55% 
Relative 


Humidity. 
non-condensing 


·This emulator 
supports 
the initial80C196 
microcontroller. 
The HOLD/HOLDA feature will be 
supported 
by a future product. 


ORDERING INFORMATION 
tinier CefIe 
Desaf""" 
ICE·196PC 
Emulation 
Board. user cable. target 


interface board (PLCC). host. 
diagnostic. 
and tutorial 
software on 


5 V4' DOS diskette. and Crystal 
Power 


Accessory with power cable 


ICE-196PCB 
Same as above except does not 
include Crystal 
Power Accessory 
CPA196 
Crystal 
Power Accessory and power 
cable only 


D86C96NL 
C-96 Compiler· 


D86PLM96NL 
PUM-96 
Compiler· 
D86ASM96NL 
ASM-96 Assembler· 


·Includes: 
Relocator/Linker. 
Object·to-hex Converter. 


Floating 
Point Arithmetic 
Library. 
Librarian 


For more information 
or the number of your nearest sales 
office call 800-548-4725 
(good in the U.S. and Canada). 


UNITED STATES. Intel Corporation 
3065 Bowers Ave.. Santa Clara. CA 95051 
Tel: (408) 987·8080 


21-334 


A 
A-Bus, 17-02 
AID Converter, 17-33, 19-01, 19-09, 19-19 


Actual and Ideal Characteristic, 19-13 
Block Diagram, 19-09 
Commands, 17-34, 17-57 
Differences (8097 vs 8097BH), 19-15 
Interface Suggestions, 19-10 
Reference Voltages, 19-11 
Results, 17-34, 17-57 
Sample and Hold, 17-34 
Sampling Circuitry, 19-10 
Suggested Input Circuit, 19-11 
Transfer Function, 19-11 
aa, 18-01 
Absolute Error-AID 
Converter, 19-16 


Actual Characteristic-AID 
Converter, 19-15, 19-16 


ADO (Address/Data 
0), 19-20 
ADO-ADI5 
(AddresslData 
0-15),17-08 


ADD (Add words), 18-02 
ADDB (Add bytes), 18-03 
ADDC (Add words with Carry), 18-04 
ADDCB (Add bytes with Carry), 18-04 
Address 32-Bit Operands, 17-22 
Address Decoding, 19-24 
Address Valid Strobe Mode, 17-12 
Address Valid with Write Strobe, 17-13 
Address/Command/Data 
Bus, 19-31 


Addressing Modes, 18-01 
Immediate, 17-16, 18-01 
Indirect, 18-01 
Indirect with Auto-Increment, 
17-16 


Long-Indexed, 17-16, 18-01 
Register Direct, 18-01 
Short Indexed, 17-16, 18-01 
Stack Pointer Register, 17-17 
Zero Register, 17-17 
ADV (Address Valid), 17-12 
ALE (Address 
Latch Enable), 
17-08, 17-11, 17-12, 


19-09, 19-20, 19-26 
ALU (Arithmetic Logic Unit), 17-02 
Analog Inputs, 19-09 
Analog Interface, 17-33 
Analog Output, 19-17 
Analog Reference Voltages-A/D 
Converter, 19-11 


Analog-to-Digital Conversion (AID), 17-33, 19-09 
AnaloglDigital 
Converter (0/A), 17-35 


AND (Logical And Words), 18-05 
ANDB (Logical And Bytes), 18-06 
ANGND (Analog Ground), 17-33, 19-01, 19-11 
Assembly Language Addressing Modes, 17-17 
Auto Programming, 19-32 


B 
Back-Bias Generator, 19-03 
baop, 18-01 
Baud Rates, 17-38, 17-57, 19-19 
BEA,18-01 
BHE (Bus High Enable), 17-08, 17-11, 19-09, 19-20, 


19-24 
Bit Operands, 17-14 
bitno, 18-01 
BR (Indirect), 18-07 
Branch, 18-07 
Break-Before-Make-AID 
Converter, 19-16 


breg, 18-01 
Bus (System), 17-08, 17-40, 19-09, 19-20 
Bus Control, 17-11 
Bus Timings, 19-21 
BUSWIDTH, 17-10, 19-24 
Byte Operands, 17-14, 17-19 


c 
C Flag (see Carry Flag), 17-18 
cadd, 18-01 
CALL, 18-26, 18-40 
CAM (Content Addressable Memory), 17-28 
Carry Flag, 17-18, 18-41 
CCB (Chip Configuration Byte), 17-10, 19-36 
CCR (Chip Configuration Register), 17-09, 17-59, 


19-21, 19-36 
CEA,18-01 
Channel-To-Channel Matching-AID 
Converter, 


19-16 
Characteristic-AID 
Converter, 19-16 
Chip Configuration Byte (see CCB), 17-10 
Chip Configuration Register (see CCR), 17-09 
Circuit 
Auto Programming, 19-32 
Configuration Byte Programming, 19-36 
D/ A, 19-18 
Gang Programming, 19-33 
Oscillator, 19-02 
Reset, 19-04 
Suggested AID Input, 19-11 
Clear Byte Instruction, 18-08 
Clear Carry Flag, 18-08 
Clear Word Instruction, 18-07 
Clearing the HSO, 17-32 
CLKOUT (Clock Out), 17-03, 17-09, 19-09, 19-21 
CLR (Clear Word), 18-07 
CLRB (Clear Byte), 18-08 
CLRC (Clear Carry Flag), 18-08 
CLRVT (Clear Overflow Trap), 18-09 
CMP (Compare Words), 17-19, 18-09 


C (Continued) 
CMPB (Compare Bytes), 17-19, 18-10 
Code-AID 
Converter, 19-16 


Code Center-AID 
Converter, 19-16 


Code Transition-AID 
Converter, 19-16 


Code Width-AID 
Converter, 19-16 


Compare Bytes Instruction, 18-10 
Compare Words Instruction, 18-09 
Complement Instruction, 18-35, 18-36 
Condition Flags, 17-18 
Conditional Jumps, 17-19 
Configuration Byte Programming, 19-36 
Content Addressable Memory (CAM), 17-28 
CPU (Central Processing Unit), 17-01 
Critical Regions, 17-26 
Crosstalk-AID 
Converter, 19-16 


D 
D-Bus, 17-02 
D.C. Input Leakage-A/D 
Converter, 19-16 


D/ A Circuits, 19-18 
D/A Converter, 19-17 
D/ A Digital! Analog Converter, 17-35 
Data Program Command, 19-34 
Data ProgramlVerify 
Signals, 19-35 


Data Verify Command, 19-35 
DEC (Decrement Word), 18-10 
DECB (Decrement Byte), 18-11 
Decrement Byte Instruction, 18-11 
Decrement Word Instruction, 18-10 
DI (Disable Interrupts), 
17-25, 17-27, 18-11 


Differential Non-Linearity-AID 
Converter, 


19-15, 19-16 
Disabling The Watchdog, 17-43 
DIV (Divide Integers), 18-12 
DIVB (Divide Short-Integers), 18-12 
Divide, 18-12, 18-13 
DIVU (Divide Words), 18-13 
DIVUB (Divide Bytes), 18-13 
DJNZ (Dee and Jump if Not Zero), 18-14 
Double-Word Operands, 17-15, 17-19 
Drive and Interface Levels, 19-06 


E 
EA (External Access), 17-07, 17-10, 17-43, 
19-01, 19-30, 19-38 
EI (Enable Interrupts), 
17-25, 17-27, 18-14 


EPROM, 17-07 
Erasing, 19-39 
Lock, 17-13, 19-38 
Programming, 19-30 
Timings, 19-28 
Erasing the 879XBH EPROM, 19-39 
Examples 
Memory Systems, 19-25 
Port Reconstruction, 
19-29 
Run-Time Programming, 19-37 
System Verification, 19-26 


E 
EXT (Sign Extend Integer into Long-Integer), 
17-19, 


18-15 
EXTB (Sign Extend Short-Integer into Integer), 17-19, 


18-15 
External Clock Drive, 17-03, 19-2 


F 
Feedthrough-A/D 
Converter, 19-15, 19-16 


FIFO (see HSI), 17-30 
Flag Settings, 18-01 
Flags, 17-18 
FPAL-96,17-19 
Full-Scale Error-A/D 
Converter, 19-15, 19-16 


G 
Gang Programming 
Auto, 19-32 
Slave, 19-35 
Generic Jumps and Calls, 18-01 
BH, 18-01 
BR,18-01 
CALL,18-01 
JH,18-01 
LCALL, 18-01 
UMP, 
18-01 
SCALL, 18-01 
SJMP, 18-01 
Global Interrupt Enable Bit (I Bit), 17-25 


H 
Hardware Connections minimum, 19-01, 19-04 
H~gh Speed Inputs (see HSI), 17-28, 17-29 
High Speed Outputs (see HSO), 17-28, 17-31 
HSI, 17-28 
Input Timings, 19-18 
Interrupts, 
17-30 
Modes, 17-30, 17-57 
Status, 17-30, 17-57 
HSO, 17-28, 17-36, 19-17 
CAM,17-31 
Clearing, 17-32 
Command Tag, 17-32 
Interrupts, 
17-31 
Output Timings, 19-18 
Pins, 19-08 
Status, 17-31, 17-32 


I 
I Bit (Global Interrupt Enable Bit), 17-25 
I/O Control Register 0 (lOCO), 17-41 
I/O Control Register 1 (IOC1), 17-42 
I/O Control Registers, 17-41 
I/O Ports, 17-39 
I/O Status Register 0 (IOS1), 17-42 
I/O Status Register 1 (IOS2), 17-42 


I (Continued) 
110 Timings, 19-18 
Ideal AID Characteristic-AID 
Converter, 


19-11, 19-16 
Immediate Addressing, 17-16, 18-01 
INC (Increment Word), 18-16 
INCB (Increment Byte), 18-16 
Increment Instruction, 18-16 
Indirect Addressing, 17-15, 18-01 
Indirect Shifts, 18-01 
Indirect with Auto-Increment Addressing, 17-16 
Input Ports, 17-39, 17-40, 19-08 
Input Resistance-AID 
Converter, 19-16 


INST (Instruction), 
19-20, 19-24 
INST Line Usage, 19-24 
Instruction Set, 17-18, 18-01 
Instruction Summary, 17-20, 17-21, 17-52, 17-53 
Integer Operands, 17-14, 17-19 
Interface Levels, 19-06 
Internal Memory 
EPROM, 17-07 
RAM,17-04 
ROM,17-07 
Internal Ready Control, 17-13 
Internal Timings, 17-03, 19-03 
Interrupt, 
17-23, 17-24 
Control, 17-25 
Disable, 18-11 
Enable, 18-14 
Flags, 17-18 
Global Disable, 17-25 
HSI, 17-30 
HSO, 17-32 
Mask Register, 17-25 
Nonmaskable, 17-04 
Pending Register, 17-25, 17-27 
Priorities, 17-25 
Serial Port (TI/RI), 
17-37, 19-19 


Software Timers, 17-33 
Timer, 17-28 
Timing, 17-27 
Vectors, 17-25, 17-58 
lOCO, 17-28, 17-41, 17-58 
lOCI, 17-28, 17-42, 17-58 
10SO, 17-42, 17-58 
IOS1, 17-28, 17-42, 17-58 
IRCO, IRCI Internal Ready Control, 17-31 


J 
JBC (Jump if Bit Clear), 18-17 
JBS (Jump if Bit Set), 18-18 
JC (Jump if Carry Flag Set), 18-18 
JE (Jump if Equal), 18-19 
JGE (Jump if Signed Greater Than or Equal), 18-19 
JGT (Jump if Signed Greater Than), 17-19, 18-20 
JH (Jump if Higher Unsigned), 17-19, 18-20 
JLE (Jump if Less Than or Equal), 18-21 
JLT (Jump if Signed Less Than), 18-21 
JNC (Jump if Carry Flag is Clear), 18-22 
JNE (Jump if Not Equal), 18-22 


J 
JNH (Jump if Not Higher Unsigned), 18-23 
JNST (Jump if Sticky Bit is Clear), 18-23 
JNV (Jump if Overflow Flag is Clear), 18-24 
JNVT (Jump if Overflow Trap is Clear), 18-24 
JST (Jump if Sticky Bit is Set), 18-25 
Jump, 18-29, 18-50 
Conditional, 17-19 
if Carry Flag Clear, 18-22 
if Sticky Bit Clear, 18-23 
on Bit Clear, 18-17 
on Bit Set, 18-18 
on Carry Flag Set, 18-18 
Jump to Self, 19-37 
IV (Jump if Overflow Flag is Set), 18-25 
JVT (Jump if Overflow Trap is Set), 18-26 


L 
LCALL (Long Call), 18-26 
LD (Load Word), 18-27 
LDB (Load Byte), 18-27 
LDBSE (Load Integer with Short-Integer), 17-19, 


18-28 
LDBZE (Load Word with Byte), 18-28 
Least Significant Bit-AID 
Converter, 19-16 


UMP 
(Long Jump), 18-29 
Load, 18-27 
Load Sign Extended, 18-28 
Load Zero Extended, 18-28 
LOCO LOCI Program Lock Control, 17-13 
Lock Modes, 17-13 
Lock Program, 19-38 
Long-Indexed Addressing, 17-16, 18-01 
Long-Integer Operands, 17-15, 17-19 
Ireg, 18-01 
LSB-Least 
Significant Bit-AID 
Converter, 19-16 


M 
MAO (Memory Address 0), 19-24 
MAO-MAI5 
(Memory Address 0-15), 
17-08 


Memory 
Interface, 19-20 
Map, 17-04, 17-51 
Reserved Locations, 17-07 
Timings, 17-09 
Memory Controller, 17-01, 17-02, 17-08 
Missed Codes-AID Converter, 19-15, 19-16 
Mode 0 Timings Serial Port, 19-19 
Mode 2 and 3 Timings Serial Port, 19-20 
Modified Quick-Pulse Programming, 19-39 
Monotonic-AID 
Converter, 19-15, 19-16 


Monotonicity-A/D Converter, 19-16 
MUL (Multiply Integers), 18-29, 18-30 
MULB (Multiply Short Integers), 18-30, 18-31 
Multiply, 18-29, 18-30, 18-31, 18-32, 18-33 
Multiprocessor Communications, 17-39 
MULU (Multiply Words), 18-31, 18-32 
MULUB (Multiply Bytes), 18-32, 18-33 


N 
N Flag (see Negative Flag), 17-18 
NEG (Negate Integer), 18-33 
Negate Instruction, 18-33, 18-34 
Negative Flag, 17-18 
NEGB (Negate Short-Integer), 18-34 
NMI (Non-Maskable Interrupt), 
17-04, 19-01 


No Missed Codes-AID Converter, 19-15, 19-16 
Noise Protection, 19-28 
Non-Linearity-AID 
Converter, 19-15, 19-16 


Nonmaskable Interrupt, 
17-04 


NOP (No-Operation), 18-34 
NORML (Normalize Long-Integer), 17-19, 17-27, 
18-35 
NOT (Complement Word), 18-35 
NOTB (Complement Byte), 18-36 


o 
Off-Isolation-AID 
Converter, 19-15, 19-17 


Opcode, 18-0I 
Opcode List, 17-54, 17-55, 17-56 
Open Drain Ports, 19-08 
Operand Addressing, 17-15 
Operand Types, 17-14 
Operating Modes, 17-09 
OR (Logical OR Words), 18-36 
ORB (Logical OR Bytes), 18-37 
Oscillator, 17-03, 19-01, 19-02 
Output Ports, 17-40 
Overflow Flag, 17-18, 18-24, 18-25 
Overflow Trap, 17-18, 18-09, 18-24, 18-26 


p 
Packaging, 17-48, 19-29 
Packaging Diagram, 17-49 
PACT (Programming Active), 19-31 
PALE (Programming ALE Input), 19-31 
PC (Program Counter), 17-02, 18-01 
PCCB (Programming CCB), 17-10, 19-30, 19-36 
PCCR Programming Chip Configuration Register 


(PCCR), 19-30 
PDO (Program Duration Overflow), 19-31 
Phase 
Internal Clock, 17-03 
Pin Description, 17-44, 17-45, 17-46 
Pin List, 17-47 
Pinouts, 17-50 
PLM-96, 17-22 
PLMREG,17-22 
PMODE (Programming Mode), 17-59, 19-30, 19-31 
POP (POP Word), 18-37 
Pop Flags, 18-38 
Pop Word, 18-37 
POPF (Pop Flags), 17.27, 18-38 
Port 0, 17-40 
Timings, 19-19 
Port I, 17-40 
Timings, 19-19 


P 
Port 2, 17-39, 17-40, 17-59 


Alternate Functions, 17-39 
Timings, 19-19 
Port 3,17-40,19-31 
Timings, 19-19 


Port 4, 17-40, 19-31 
Timings, 19-19 
Port Reconstruction, 
19-28 


Power Down, 17-05 
Power Down Circuitry, 19-06 
PROG (Programming Pulse), 19-31 
Program Counter (PC), 17-02, 18-01 
Program Lock, 17-13, 19-38 
Program Status Word (PSW), 17-02, 17-17, 17-25 
Program Verified, 19-31 
Program/Verify 
Signals, 19-35 


Programming, 19-30 
Auto, 19-32 
Configuration Byte, 19-36 
Gang-Auto, 19-32 
Gang-Slave, 19-35 
Mode Select, 19-31 
Modes, 19-30 
Run-Time, 19-37 
Slave, 19-34 
Programming Active, 19-31 
Programming ALE Input, 19-31 
Programming Chip Configuration Byte (PCCB), 17-10, 


19-30 
Programming Duration Overflow, 19-31 
Programming Mode Pin Definitions, 19-31 
Programming Pulse, 19-31 
PSW (program Status Word), 17-02, 17-17, 17-25 
Pulse Width Modulation (see PWM), 17-35 
PUSH (Push Word), 18-38 
Push Flags, 18-39 
Push Word, 18-38 
PUSHF (Push Flags), 17-27, 18-39 
PVER (Program Verified Output), 19-31 
PWM 
Using the HSO, 17-36 


PWM (Pulse Width Modulation), 17-35, 19-09, 19-17 


Q 
Quasi-Bidirectional Hardware Connections, 19-06 
Quasi-Bidirectional Port, 17-40, 19-06, 19-07 
Queue, 17-08 


R 
RALU (Registerl Arithmetic Logic Unit), 17-01, 17-02 
RAM 
Internal Memory, 17-04 
RD (Read), 17-09, 19-09, 19-20 
Read,17-09 
Ready, 17-09, 17-13, 19-21 
Ready Control, 17-13 


R (Continued) 
Receive Interrupt (RI), 17-37, 19-19 
Register Direct Addressing, 17-15, 18-01 
Register File, 17-01, 17-02, 17-04 
Register Utilization, 17-22 
REN (Receiver Enable), 17-37, 19-19 
Repeatability-AID 
Converter, 19-17 


Reserved Memory Locations, 17-07 
Reset, 17-03, 17-05, 17-43, 19-03 
Instruction, 18-40, 19-28 
Multiple Chip, 19-04 
Sequence, 19-03 
Status, 17-44 
Sync Mode, 17-44 
Reset Signal, 17-43 
Resolution-AID 
Converter, 19-17 


RET (Return), 18-39 
Return, 18-39 
RI (Receive Interrupt), 
17-37, 19-19 


ROM,17-07 
ROMIEPROM 
Dump Mode, 19-38 


ROMIEPROM 
Lock, 17-13, 19-38 


RST (Reset Instruction), 18-40, 19-28 
Run-Time Programming, 19-37 
RXD (Receive Pin), 19-09 


S 
SALE (Slave ALE), 19-31 
Sample Delay-AID 
Converter, 19-17 


Sample Delay Uncertainty-AID 
Converter, 19-17 


Sample Time-AID 
Converter, 19-17 


Sample Time Uncertainty-AID 
Converter, 19-17 


Sample Window-AID Converter, 19-17 
Sampling Circuitry-AID Input, 19-10 
SBUF (Serial Port ButTer), 17-37 
SCALL (Short Call), 18-40 
Security Key, 19-38 
Serial Port, 17-36 
ButTer(SBUF), 17-37 
Control/Status, 
17-37 
Mode 0, 17-36 
Mode 0 Example, 19-20 
Mode 0 Timings, 19-19 
Mode I, 17-37 
Mode 2, 17-37 
Mode 2 and 3 Timings, 19-20 
Mode 3, 17-37 
Timings, 19-19 
SETC (Set Carry Flag), 18-41 
SFR, 17-01, 17-04, 17-05 
SFR Summary, 17-06, 17-57 
Shift Indirect, 18-01 
SHL (Shift Word Left), 18-41 
SHLB (Shift Byte Left), 18-42 
SHLL (Shift Double-Word Left), 18-43 
Short-Indexed Addressing, 17-16, 18-01 
Short-Integer Operands, 17-14, 17-19 
SHR (Logical Shift Right Word), 18-44 


S 
SHRA (Arithmetic Shift Right Word), 18-45 
SHRAB (Arithmetic Shift Right Byte), 18-46 
SHRAL (Arithmetic Shift Right Double-Word), 18-47 
SHRB (Logical Shift Right Byte), 18-48 
SHRL (Logical Shift Right Double-Word), 18-49 
SID (Slave ID), 19-31 
Sign Extend, 18-15 
Signature Word, 19-39 
SIGND, 17-27 
SJMP (Short Jump), 18-50 
SKIP (Two Byte No-Operation), 18-50 
Slave ALE, 19-31 
Slave ID Number, 19-31 
Slave PC, 17-02, 17-08 
Slave Programming, 19-34 
Slave Programming Mode Commands, 19-34 
Slave Programming Pulse, 19-31 
Software Overview, 17-14 
Software Protection, 17-43 
Software Standards, 17-22 
Software Timers, 17-33 
Software Trap, 18-55 
Special Function Register (see SFR), 17-01 
SPROG (Slave Programming Pulse), 19-31 
SP_CON, 
17-37, 17-38, 17-57 
SP_STAT, 
17-37, 17-38, 17-57 
ST (Store Word), 18-51 
ST Flag (see Sticky Bit), 17-18 
Stack Pointer, 17-04 
Stack Pointer Register Addressing, 17-17 
Standard Bus Control, 17-11 
Standard I/O Ports, 19-19 
State Time, 17-03 
State Time List, 17-54, 17-55, 17-56 
Status and Control Registers, 17-41 
STB (Store Byte), 18-51 
Sticky Bit, 17-18, 18-25 
Store, 18-51 
SUB (Subtract Words), 18-52 
SUBB (Subtract Bytes), 18-53 
SUBC (Subtract Words with Borrow), 18-54 
SUBCB (Subtract Bytes with Borrow), 18-54 
Subroutine Linkage, 17-22 
Subtract, 18-52, 18-53, 18-54 
Successive Approximation-AID 
Converter, 19-17 


Sync Mode, 19-05 
System Bus, 17-08, 17-40, 19-09, 19-20 
System Bus Timings, 19-21 
System Verification, 19-26 


T 
T2CLK (TIMER2 Clock), 19-19 
T2RST (TIMER2 Reset), 17-32 
TAVDV (ADDRESS Valid to DATA Valid), 19-22, 


19-27 
TAVGY (ADDRESS 
Valid to BUSWIDTH 
Valid), 


19-22 


T (Continued) 
TAVLL (ADDRESS Valid to ALE/ ADV Low), 19-23, 
19-27 
TB81RB8, 17-37 
TCHCH (CLKOUT High to CLKOUT High), 19-23 
TCHCL (CLKOUT High to CLKOUT Low), 19-23 
TCLLH (CLKOUT Low to ALE High), 19-23 
TCLVL (CLKOUT Low to ALE/ADV 
Low), 19-23 


TCLYX (READY Hold after CLKOUT Low), 19-22 
Temperature Coefficients-AID 
Converter, 19-17 


Terminal Based Characteristic-AID 
Converter, 
19-14, 19-17 
Test, 19-01, 19-24 
THLHH (WRL WRH low to WRL WRH high), 
19-23, 19-27 
TI (Transmit Interrupt), 
17-37, 19-19 


Timer 2, 17-32 
Timer Interrupts, 
17-28 
Timings 
Definitions, 19-22, 19-23 
HSI/HSO, 
19-18 
I/O, 19-18 
I/O Ports, 19-19 
Internal, 17-03, 19-03 
Serial Port, 19-19 
System Bus, 19-21 
TLHLL (ALE/ADV 
High to ALE/ADV 
Low), 19-23 


TLLAX (ALE/ ADV Low to ADDRESS Invalid), 


19-23 
TLLCH (ALE/ADV 
Low to CLKOUT High), 19-23 


TLLGV 
(ALE/ ADV 
Low to BUSWIDTH 
Valid), 
19-22 
TLLGX (BUSWIDTH Hold after ALE/ ADV Low), 
19-22 
TLLHL (ALE/ADV 
Low to WRL WRH Low), 19-23 


TLLRL (ALE/ ADV Low to RD Lo~19-23 
TLLRL (ALE/ADV 
Low to RD or WR Low), 19-27 


TLLYH (ALE/ADV 
Low to READY High), 19-22 


TLLYL (ALE/ADV 
Low to READY Low), 19-22 


TOHCH (XTALI High to CLKOUT High), 19-23 
TOSC (Oscillator Period), 19-22 
TQVHL (OUTPUT Valid to WRL WRH Low), 19-23 
TQVWH (OUTPUT Valid to WR High), 19-23, 19-28 
Transmit Interrupt (TI), 17-37, 19-19 
TRAP (Software Trap), 17-27, 18-55 
TRHBX (RD High to INST BHE AD8-AD15 
Inval- 


id), 19-23 
TRHDZ @ High to DATA Float), 19-22 
TRHLH @ High to ALE/ ADV High), 19-23 
TRLDV (RD Low to DATA Valid), 19-22, 19-27 
TRLRH (RD Low to RD Hi~9-23 
TWHBX (WR High to INST BHE AD8-ADI5 
Inval- 


id), 19-23 
TWHLH (Write High to ALE/ADV 
High), 19-23 


TWHQX (WR High to OUTPUT Not valid), 19-23 
TWLWH (WR Low to WR High), 19-23 
TXD (Transmit Pin), 19-09 
TYLYH (READY Low to READY High), 19-22 


v 
V Flag (see Overflow Flag), 17-18 
VCC, 19-01 
Vcc Rejection-AID 
Converter, 19-15, 19-17 


VpD (Powerdown Voltage), 17-05, 19-01 
VREF (Analog Voltage Reference), 17-33, 19-01, 19-11 
VSS, 19-01 
VSSI>19-01 
VSS2,19-01 
VT Flag (see Overflow Trap), 17-18 


W 
waop, 18-01 
Watchdog Timer, 17-43, 19-05 


Disabling, 17-43, 19-05 
Word Dump Command, 19-35 
Word Operands, 17-14, 17-19 
WR (Write), 17-09, 17-11, 19-09, 19-20, 19-24 
wreg, 18-01 
WRH (Write High), 17-11, 17-12, 19-20, 19-24 
Write Strobe Mode, 17-12 
WRL (Write Low), 17-11, 17-12, 19-20, 19-24 


X 
XOR (Logical Exclusive-or Words), 18-55 
XORB (Logical Exclusive-or Bytes), 18-56 
XTAL Inputs, 17-03, 19-01, 19-02 


z 
Z Flag (see Zero Flag), 17-18 
Zero Flag, 17-18 
Zero Offset-AID 
Converter, 19-15, 19-17 


Zero Register Addressing, 17-17 


A 
A-To-D Converter, 20-26 
AID Converter, 20-26 
AID Converter Clock Prescaler, 20-27 
Address Valid Mode (ADV), 20-08 
Addressing Modes 
Direct, 20-13 
Immediate, 20-13 
Indexed Long, 20-13 
Indexed Short, 20-13 
Indirect, 20-13 
Indirect with Auto-Increment, 
20-13 


ADV (Address Valid), 20-08 
AD_COMMAND, 
20-26, 20-29, 20-31 


AD_RESULT, 
20-27, 20-29, 20-31 


ALE (Address Latch Enable), 20-06, 20-08, 20-33, 
20-37 
Alternate Register Window (WSR = 15), 20-29 


B 
Baud Rate Values, 20-24 
BAUD_RATE, 
20-29, 20-30 
BHE (Bus High Enable), 20-06, 20-08, 20-33 
BMOV (Block Move), 20-13 
Bus Control Modes 
Address Valid, 20-08 
Address Valid with Write Strobe, 20-08 
Standard Bus Control, 20-06 
Write Strobe, 20-06 
Bus Controller, 20-06 
Bus Modes 
Eight Bit, 20-06 
Sixteen Bit, 20-06 
BUSWIDTH, 20-06 


c 
C Flag (See Carry Flag), 20-12 
CAM (Content Addressable Memory), 20-19, 20-21 
Carry Flag, 20-12 
CCR (Chip Configuration Register), 20-06, 20-08, 
20-32, 20-34 
CDE (Clock Detect Enable), 20-37 
Chip Configuration Register (CCR), 20-06, 20-08, 


20-32, 20-34 
CLKOUT (Clock Out), 20-02, 20-33 
Clock Failure Detect, 20-37 
Clock Generator, 20-01 
Phases, 20-02 
Clock Prescaler AID Converter, 20-27 
CMPL (Compare Long), 20-13 
Content Addressable Memory (CAM), 20-19, 20-21 
Converting Other MCS-96 Products to 80C196, 20-38 
CPU Features, 20-38 


D 
DI (Disable Interrupts), 20-10 
Direct Address Mode, 20-13 
DJNZW (Dec and Jump on Not Zero Word), 20-13 


E 
EA (External Access), 20-08, 20-28 
EI (Enable Interrupts), 20-10 
Enhancements vs 8X9XBH, 20-01 
EPROM Internal, 20-03 


F 
Feature Summary, 20-38 
Figure 
80C196KA Block Diagram, 20-01 
Address Valid Mode, 20-08 
Address Valid with Write Strobe Mode, 20-08 
All Possible Interrupt Sources, 20-09 
Bus Width Options, 20-06 
CHMOS Quasi-Bidirectional Port Circuit, 20-29 
Format of the Chip Configuration Register, 20-07 
HSI Block Diagram, 20-20 
HSI Mode Register, 20-21 
HSI Status Register, 20-21 
HSO Block Diagram, 20-22 
HSO Command Register, 20-22 
Instruction Execution State Times, 20-17, 20-18 
Instruction Set Summary, 20-14, 20-15, 20-16 
Internal Register Values Following RESET, 20-37 
Interrupt Pending Registers, 20-10 
Interrupt Response Time, 20-11 
Interrupt Vector Locations, 20-10 
lOCO Control of the HSI, 20-21 
Memory Map, 20-02 
Multiple Register Windows, 20-03 
Oscillator, 20-02 
Port 2 Multiple Functions, 20-28 
Powerdown/up 
Sequence, 20-34 


PWM Block Diagram, 20-27 
PWM Waveforms, 20-28 
Reset Sequence, 20-36 
Serial Port Frames Mode I, 2 and 3, 20-24 
Serial Port Mode 0 Timings, 20-24 
Special Function Register Description, 20-05 
Special Function Registers (SFRs), 20-04 
Standard Bus Control, 20-07 
TIMER2 Control/Status 
Bits, 20-19 
Write Strobe Mode, 20-07 
Flags, 20-11 


G 
Global Disable Bit (I Bit), 20-10, 20-12 


High Speed Inputs (HSI), 20-19, 20-20 
High Speed Outputs (HSO), 20-19, 20-21 
HSI (High Speed Inputs), 20-19, 20-20 
HSI Block Diagram, 20-20 
HSI FIFO, 20-20 
HSI Holding Register, 20-20 
HSI_MODE, 
20-20, 20-29, 20-32 
HSI_STATUS, 
20-20, 20-29, 20-32 
HSI_TIME, 
20-20, 20-29 
HSO (High Speed Outputs), 20-19, 20-21 
HSO Block Diagram, 20-22 
HSO Command Register, 20-22 
HSO_COMMAND, 
20-21, 20-29, 20-32 


HSO_TIME, 
20-21 


I 
I Bit (Global Disable Bit), 20-10, 20-12 
Idle Mode, 20-33 
IDLPD (Idle/Powerdown), 
20-13, 20-33 


Immediate Addressing Mode, 20-13 
Indexed Long Addressing Mode, 20-13 
Indexed Short Addressing Mode, 20-13 
Indirect Addressing Mode, 20-13 
Indirect with Auto-Increment Addressing Mode, 20-13 
INST (Instruction), 20-33, 20-37 
Instruction Execution State Times, 20-17, 20-18 
Instruction Queue, 20-06 
Instruction Set, 20-11 
Instruction Set Additions, 20-12 
Instruction Set Summary, 20-14, 20-15, 20-16 
Internal Memory 
EPROM, 20-03 
RAM,20-02 
ROM,20-03 
Internal Register Values Following RESET, 20-37 
Internal Timings, 20-02 
Interrupt Controller, 20-01, 20-02 
Interrupt Mask Register (INT_MASK), 
20-10 


Interrupt 
Mask Register 
1 (INT_MASKl), 
20-09, 
20-10 
Interrupt Pending Register (IPEND), 20-10 
Interrupt Pending Register 1 (IPENDl), 
20-10 


Interrupt Response Time, 20-11 
Interrupt Vector Locations, 20-10 


I \vUlllIIIUt::lUj 
Interrupts, 20-09 
AID Conversion Complete, 20-21 
EXTINT, 20-34 
High Speed Output, 20-21 
HSI Data Available, 20-20 
HSI FIFO 4, 20-20 
HSI FIFO is Full, 20-20 
HSI.O Pin, 20-20 
NMI (Non-Maskable Interrupt), 20-09 
PortO.7, 20-34 
Receive, 20-25 
Serial Port, 20-25 
Software Timer, 20-21 
Software Trap, 20-11 
T2CAPture, 20-19 
TIMER Overflow, 20-19 
TIMER2 Overflow, 20-19 
Transmit, 20-25 
Unimplemented Opcodes, 20-11 


INT_MASK 
(Interrupt Mask Register), 20-10 


INT_MASKI 
(Interrupt 
Mask Register 
1), 20-09, 
20-10, 20-30 
lOCO (110 Control Register 0), 20-20, 20-30, 20-33 
lOCI (I/O Control Register I), 20-30, 20-33 
IOC2 (I/O Control Register 2), 20-29, 20-31 
IOS0 (110 Status Register 0), 20-23, 20-30, 20-32 
IOS1 (110 Status Register I), 20-23, 20-30, 20-33 
IOS2 (I/O Status Register 2), 20-31 
IPEND (Interrupt Pending Register), 20-10 
IPENDI 
(Interrupt Pending Register 1), 20-10, 20-30 


IRCO IRCI 
(Internal Ready Control Bits 1 and 0), 
20-08 


L 
LOCO LOCI (Lock Control Bits 1 and 2), 20-09 


M 
Memory Controller, 20-01, 20-02, 20-06 
Memory Map, 20-02 
Memory Protection, 20-09 
Microcode Engine, 20-02 
Minimum Hardware Connections, 20-35 
Mode 0 Serial Port, 20-23 
Mode 1 Serial Port, 20-23 
Mode 2 Serial Port, 20-23 
Mode 3 Serial Port, 20-23 


N Flag (See Negative Flag), 20-11 
Negative Flag, 20-11 
NMI (Non-Maskable Interrupt), 20-09 


o 
ONCE Mode, 20-37 
Overflow Flag, 20-11 
Overflow Trap Flag, 20-11 


p 
Packages, 20-40 
Peripheral Description, 20-19 
Peripheral Features, 20-38 
Pin Definitions, 20-39 
Pin Descriptions, 20-41, 20-42 
Pinouts, 20-40 
POPA (Pop All Registers), 20-11, 20-12 
POPF (Pop Flags), 20-10 
PORTO, 20-28, 20-29 
PORTI, 20-28 
PORT2, 20-28 
PORTS 3 and 4, 20~28 
Powerdown Mode, 20-33, 20-34 
Powerdown/up 
Sequence, 20-34 
Processing Unit, 20-01 
Program Counter, 20-06 
Program Protection Features, 20-37 
Program Status Word (PSW), 20-10, 20-11 
Protection, 20-09, 20-37 
PSW (Program Status Word), 20-10, 20-11 
Pulse Width Modulation (PWM), 20-27 
PUSH A (Push All Registers), 20-11, 20-12 
PUSHF (Push Flags), 20-10 
PWM (Pulse Width Modulation), 20-27 
PWM_CONTROL, 
20-30 


Q 
Quasi-Bidirectional Pins, 20-28 
Quasi-Bidirectional Port Circuit (CHMOS), 20-29 
Queue, 20-06 


R 
RAM Internal, 20-02 
RD (Read), 20-33, 20-37 
READY, 20-08 
Register File, 20-01, 20-02, 20-03 
RESET, 20-34, 20-35, 20-37 
Sequence, 20-36 
Sequence and Status, 20-35 
ROM Internal, 20-03 
RST (RESET), 20-37 


SBUF (Serial Port ButTer), 20-25, 20-29, 20-30 
Serial Port, 20-23 
Mode 0, 20-23 
Mode I, 20-23 
Mode 2, 20-23 
Mode 3, 20-23 
Serial Port Control, 20-25 
Serial Port Frames Mode I, 2 and 3, 20-24 
Serial Port Mode 0 Timings, 20-24 
Serial Port Status Register (SP_STAT), 
20-25 
SFR Bit Summary, 20-30 
SFR Description, 20-05 
SFR Windows 
Window 0, 20-03 
Window 15,20-03 
SFRs, 20-02, 20-03, 20-04, 20-34 
SIGND (Signed Prefix for Mul and Div Instr), 20-11 
Slave Program Counter, 20-06 
Special Function Registers (See SFRs), 20-02, 20-03, 
20-04, 20-05, 20-34 
SP_CON, 
20-25, 20-30, 20-32 
SP_STAT, 
20-25, 20-29, 20-30 
ST (See Sticky Bit), 20-12 
Standard I/O Ports, 20-28 
State Time, 20-02 


T 
T2CAPture Register, 20-19 
TEST Mode, 20-37 
TIMERI, 
20-19, 20-29 
TIMER2, 20-19, 20-29 
TRAP, 20-09, 20-11 


v 
V Flag (See Overflow Flag), 20-11 
Vcc, 20-34 
Vpp, 20-34 
VT Flag (See Overflow Trap Flag), 20-11 


W 
Watchdog Timer, 20-29, 20-33, 20-37 
Window Select Register (WSR), 20-03, 20-29, 20-31 
WR (Write), 20-06, 20-33 
WRH (Write High), 20-06 
Write Strobe Mode, 20-06 
WRL (Write Low), 20-06 
WSR (Window Select Register), 20-03, 20-29, 20-31 


X 
XTAL Pins, 20-02, 20-37 


z 
Z Flag (See Zero Flag), 20-11 
Zero Flag, 20-11 
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• 
Integrated 
Feature Set 
- 
Enhanced 8086-2 CPU 


- 
Clock Generator 
- 
2 Independent 
DMA Channels 


- 
Programmable 
Interrupt Controller 


- 
3 Programmable 
16-bit Timers 


- 
Programmable 
Memory and 


Peripheral Chip-Select Logic 


- 
Programmable Wait State Generator 


- 
Local Bus Controller 


• 
Available in 10 MHz (80186-10) and 8 
MHz (80186) Versions 


• 
High-Performance 
Processor 


- 
At 8 MHz provides 2 times the 
Performance of the Standard 8086 


- 
4 MByte/Sec 
Bus Bandwidth 


Interface 
@ 8 MHz 
- 
S MByte/Sec 
Bus Bandwidth 


Interface 
@ 10 MHz 


• 
Direct Addressing 
Capability to 1 


MByte of Memory and 64 KByte I/O 


EXEcUTJON UN"iTJ 


I 
II 
I 
II 
I 
...J 


SROV 
AROY 
TEST 
HOLD 
HLDAm 
RESET 


• 
Completely Object Code Compatible 
with All Existing 8086, 8088 Software 
- 
10 New Instruction 
Types 


• 
Complete System Development 
Support 
- 
Development Software; Assembler, 
PL/M, Pascal, Fortan, and System 
Utilities 
-In-Circuit-Emulator 
(12ICETM-186) 


• 
High Performance 
Numerical 


Coprocessing 
Capability Through 8087 


Interface 


.• 
Available in 68 Pin: 
- 
Plastic Leaded Chip Carrier (PLCC) 


- 
Ceramic Pin Grid Array (PGA) 


- 
Ceramic Leadless Chip Carrier (LCC) 


(See Packaging 
Outlines 
and Dimensions, 
Order 
#231369) 


• 
Available in EXPRESS 
- 
Standard Temperature with Burn-In 


- 
Extended Temperature 
Range 


(- 40·C to + 8S·C) 


INT3/1NTA1 


INT2JIIITQ 


PROGRAMMABLE 
TlMERS 
o 
1 
2 


~::~~:~ 
I 


MAX COUNT 
REGISTER 
A 


CONTROL 
REGISTERS 


MCSD-. 
~ 


Figure 
1.80186 
Block 
Diagram 


inter 


The Intel 80186 is a highly integrated 16-bit microprocessor. The 80186 effectively combines 15-20 of the 
most common 8086 system components onto one. The 80186 provides two times greater throughput than the 
standard 5 MHz 8086. The 80186 is upward compatible with 8086 and 8088 software and adds 10 new 
instruction types to the existing set. 


Leadless Chip Carrier (JEDECType A) 


Contacts Facing Up 
Contacts Facing Down 


@@@@@@@@@ 


@@@@@@@@@@@ 
@@ 
@@ 
@@D®@ 
@@ 
@@ 
@@ 
@@ 
@@ 
@@ 
@@ 
@@ 
@@ 
@@ 


@@@@@@®®CV0@ 
@@@@®0008 


:.: :.: :.: :_~:.: :.::.: :.: :.: :.: :.: :.::.: :.: :.: :.::!!: 
so ~J 
,. 
ocs 


51 
-j 
;: us 


52 
:~ 
r: PCSI/A2 


AROY 
:~ 
f: 
PCS5/Al 
cueOUT 
:; 
•• 
IiCSi 
..Ii 
m 
Iii 


~~~~~~j 
• - 
;: TNR OUT1 


SHE 
OJ 
:: 
TWR 
aUTo 


Al9/S6:i 
::TWRlHl 


A18/55 
:: 
:: 
1\4R!NO 


A17 IS. 
:] 
:: 
OROl 


A 16 /S3 
:: ;j:;_;;";:":;";;_;;":;":;_;;_;;":;_;;_;:":;";;_;:";III DROO 


:.~!::~I :~?),:~. ':~: :Xf' :~>~#;.:~: 
~~?::~>:'~.\.:#: ;.~i :~:, :~~l':~; :~; :~I ~.' 
:~;'g 
:~:'(~t 


~.~\ 
:~" 


':~::~(I 


;~~~':~; 
:~:,':~: 


:~.' :~!.j 


xxx 
xxx 
xxx 
xxx 
xxx 
xxx.- 


:~i.~* 
:~(I:.~: 


'~.':~" 
,~?::~~.I 


:.~~i.~~; 
:~~:, 
,~: 


:'i.(' :~'l 


:~I :~~:':'.~';:~~:,::~.'I:~~:,:W.' ,):~; :.i_~: :)~) :'!~~l 


(!'.: :/1 :~~~,~! 
..::.~.: 
:.1.i):!~:l.:{~:':~~: 


Plastic Leaded Chip Carrier 


Leads Facing Up 
Leads Facing Down 


xxx 
xxx 
xxx 
xxx 
xxx 
xxx-- 


inter 


Symbol 
Pin No. 
Type 
Name and Function 


Vcc,Vcc 
9,43 
I 
System 
Power: + 5 volt power supply. 


Vss, Vss 
26,60 
I 
System Ground. 


RESET 
57 
0 
Reset Output indicates 
that the 60166 CPU is being reset, and can 


be used as a system reset. It is active HIGH, synchronized 
with the 


processor 
clock, and lasts an integer number of clock periods 


corresponding 
to the length of the RES signal. 


X1, X2 
59,56 
I 
Crystal Inputs X1 and X2 provide external 
connections 
for a 


fundamental 
mode parallel resonant 
crystal for the internal 


oscillator. 
Instead of using a crystal, an external 
clock may be 


applied to X1 while minimizing 
stray capacitance 
on X2. The input 


or oscillator 
frequency 
is internally 
divided by two to generate 
the 


clock signal (CLKOUT). 


CLKOUT 
56 
0 
Clock Output provides 
the system with a 50% duty cycle waveform. 


All device pin timings are specified 
relative to CLKOUT. 
CLKOUT 


has sufficient 
MOS drive capabilities 
for the 6067 Numeric 


Processor 
Extension. 


RES 
24 
I 
System Reset causes the 60166 to immediately 
terminate 
its 


present 
activity, clear the internal 
logic, and enter a dormant 
state. 


This signal may be asynchronous 
to the 60166 clock. The 601 ~ 


begins fetching 
instructions 
approximately 
7 clock cycles after RES 


is returned 
HIGH. For proper initialization, 
Vcc must be within 


specifications 
and the clock signal must be stable for more than 4 


clocks with RES held LOW. RES is internally 
synchronized. 
This 


input is provided 
with a Schmitt-trigger 
to facilitate 
power-on 
RES 


generation 
via an RC network. 
When RES occurs, the 60166 will 


drive the status lines to an inactive 
level for one clock, and then 


float them. 


TEST 
47 
I 
TEST is examined 
by the WAIT instruction. 
If the TEST input is 


HIGH when "WAIT" 
execution 
begins, instruction 
execution 
will 


suspend. 
TEST will be resampled 
until it goes LOW, at which time 


execution 
will resume. 
If interrupts 
are enabled while the 60166 is 


waiting for TEST, interrupts 
will be serviced. 
This input is 


synchronized 
internally. 


TMR INO, 
20 
I 
Timer Inputs are used either as clock or control 
signals, depending 
TMR IN 1 
21 
I 
upon the programmed 
timer mode. These inputs are active HIGH 


(or LOW-to-HIGH 
transitions 
are counted) 
and internally 


synchronized. 


TMROUTO, 
22 
0 
Timer outputs are used to provide single pulse or continous 
TMROUT 
1 
23 
0 
waveform 
generation, 
depending 
upon the timer mode selected. 


ORQO 
16 
I 
OMA Request 
is driven HIGH by an external device when it desires 
ORQ1 
19 
I 
that a OMA channel 
(Channel 0 or 1) perform 
a transfer. 
These 


signals are active HIGH, level-triggered, 
and internally 


synchronized. 


NMI 
46 
I 
Non-Maskable 
Interrupt 
is an edge-triggered 
input which causes a 


type 2 interrupt. 
NMI is not maskable 
internally. 
A transition 
from a 


LOW to HIGH initiates the interrupt 
at the next instruction 
boundary. 


NMI is latched 
internally. 
An NMI duration 
of one clock or more will 


guarantee 
service. This input is internally 
synchronized. 


INTO, INT1 
45,44 
I 
Maskable 
Interrupt 
Requests 
can be requested 
by activating 
one of 
INT2/INTAO 
42 
I/O 
these pins. When configured 
as inputs, these pins are active HIGH. 
INT3/INTA1 
41 
I/O 
Interrupt 
Requests 
are synchronized 
internally. 
INT2 and INT3 may 


be configured 
via software 
to provide active-LOW 
interrupt- 


acknowledge 
output signals. All interrupt 
inputs may be configured 


via software 
to be either edge- or level-triggered. 
To ensure 


recognition, 
all interrupt 
requests 
must remain active until the 
interrupt 
is acknowledged. 
When slave mode is selected, 
the 


function 
of these pins changes 
(see Interrupt 
Controller 
section 
of 


this data sheet). 


Symbol 
Pin No. 
Type 
Name and Function 


A19/S6. 
65 
0 
Address 
Bus Outputs 
(16-19) 
and Bus Cycle Status (3-6) 
reflect the 
A18/S5. 
66 
0 
four most significant 
address 
bits during T1. These signals are active 
A17/S4. 
67 
0 
HIGH. During T2, T3. Tw, and T4. status information 
is available 
on 
A16/S3 
68 
0 
these lines as encoded 
below: 


., 
Low 
High 


S6 
Processor 
Cycle 
OMACycie 


S3, S4. and S5 are defined 
as LOW during T2- T4. The status pins 


float during HOLO/HLOA. 


A015-AOO 
10-17. 
I/O 
Address/Data 
Bus (0-15) 
signals constitute 
the time multiplexed 
1-8 
memory or I/O address 
(T 1) and data (T2, T3, Tw. and T4) bus. The 


bus is active HIGH. Ao is analogous 
to BHE for the lower byte of the 


data bus, pins 07 through 
Do. It is LOW during T1 when a byte is to 


be transferred 
onto the lower portion of the bus in memory or I/O 


operations. 


BHE/S7 
64 
0 
During T 1 the Bus High Enable signal should be used to determine 
if 


data is to be enabled 
onto the most significant 
half of the data bus; 


pins 015-08. 
BHE is LOW during T 1 for read, write. and interrupt 


acknowledge 
cycles when a byte is to be transferred 
on the higher 


half of the bus. The S7 status information 
is available 
during T2. T3, 


and T4. S7 is logically equivalent 
to BHE. BHE/S7 
floats during 


HOLD. 


SHE and AO Encodings 


SHE Value 
AOValue 
Function 


0 
0 
Word Transfer 


0 
1 
Byte Transfer 
on upper half of 
data bus (015-08) 


1 
0 
Byte Transfer 
on lower half of 


data bus (07-00) 


1 
1 
Reserved 


ALE/QSO 
61 
0 
Address 
Latch Enable/Queue 
Status 0 is provided 
by the 80186 to 


latch the address 
into the 8282/8283 
address 
latches. 
ALE is active 


HIGH. Addresses 
are guaranteed 
to be valid on the trailing edge of 


ALE. The ALE rising edge is generated 
off the rising edge of the 


CLKOUT 
immediately 
preceding 
T1 of the associated 
bus cycle, 


effectively 
one-half 
clock cycle earlier than in the standard 
8086. The 


trailing edge is generated 
off the CLKOUT 
rising edge in T 1 as in the 


8086. Note that ALE is never floated. 


WR/QS1 
63 
0 
Write Strobe/Queue 
Status 1 indicates 
that the data on the bus is to 


be written into a memory or an I/O device. WR is active for T2, T3, 
and Tw of any write cycle. It is active LOW. and floats during 
"HOLD." 
It is driven HIGH for one clock during Reset, and then 


floated. When the 80186 is in queue status mode. the ALE/QSO 
and 


WR/QS1 
pins provide information 
about processor/instruction 


queue interaction. 


QS1 
QSO 
Queue Operation 


0 
0 
No queue operation 


0 
1 
First opcode 
byte fetched 
from 


the queue 


1 
1 
Subsequent 
byte fetched 
from 
the queue 


1 
0 
Empty the queue 


Symbol 
Pin No. 
Type 
Name and Function 


RD/QSMD 
62 
0 
Read Strobe indicates 
that the 80186 is performing 
a memory or I/O 


read cycle. RD is active LOW for T2, T3, and Tw of any read cycle. It 
is guaranteed 
not to go LOW in T2 until after the Address 
Bus is 


floated. 
RD is active LOW, and floats during "HOLD". 
RD is driven 


HIGH for one clock during Reset, and then the output driver is 
floated. A weak internal 
pull-up mechanism 
of the RD line holds it 


HIGH when the line is not driven. During RESET the pin is sampled 
to determine 
whether 
the 80186 should provide ALE, WR and RD, or 


if the Queue-Status 
should be provided. 
RD should be connected 
to 


GND to provide Queue-Status 
data. 


ARDY 
55 
I 
Asynchronous 
Ready informs the 80186 that the addressed 
memory 


space or I/O device will complete 
a data transfer. 
The ARDY input 


pin will accept an asynchronous 
input, and is active HIGH. Only the 


rising edge is internally 
synchronized 
by the 80186. This means that 


I 
the falling edge of ARDY must be synchronized 
to the 80186 clock. If 


connected 
to Vcc, no WAIT states are inserted. 
Asynchronous 
ready 


(ARDY) or synchronous 
ready (SRDY) must be active to terminate 
a 


bus cycle. If unused, this line should be tied LOW to yield control 
to 


the SRDY pin. 


SRDY 
49 
I 
Synchronous 
Ready must be synchronized 
externally 
to the 80186. 


The use of SRDY provides 
a relaxed system-timing 
specification 
on 


the Ready input. This is accomplished 
by eliminating 
the one-half 


clock cycle which is required for internally 
resolving 
the signal level 


when using the ARDY input. This line is active HIGH. If this line is 
connected 
to Vcc, no WAIT states are inserted. 
Asynchronous 
ready 


(ARDY) or synchronous 
ready (SRDY) must be active before a bus 


cycle is terminated. 
If unused, this line should be tied LOW to yield 


control 
to the ARDY pin. 


LOCK 
48 
0 
LOCK output indicates 
that other system bus masters are not to gain 


control 
of the system bus while LOCK is active LOW. The LOCK 


- 


signal is requested 
by the LOCK prefix instruction 
and is activated 
at 


the beginning 
of the first data cycle associated 
with the instruction 


following 
the LOCK prefix. It remains active until the completion 
of 


the instruction 
following 
the LOCK prefix. No prefetches 
will occur 


while LOCK is asserted. 
When executing 
more than one LOCK 


instruction, 
always make sure there are 6 bytes of code between 
the 


end of the first LOCK instruction 
and the start of the second 
LOCK 


instruction. 
LOCK is active LOW, is driven HIGH for one clock during 


RESET, and then floated. 


SO, S1, S2 
52-54 
0 
Bus cycle status SO-S2 
are encoded 
to provide bus-transaction 


information: 


80186 Bus Cycle Status Information 


52 
51 
SO 
Bus Cycle Initiated 


0 
0 
0 
Interrupt 
Acknowledge 


0 
0 
1 
Read 1/0 
0 
1 
0 
Write I/O 
0 
1 
1 
Halt 


1 
0 
0 
Instruction 
Fetch 


1 
0 
1 
Read Data from Memory 


1 
1 
0 
Write Data to Memory 


1 
1 
1 
Passive (no bus cycle) 


The status pins float during HOLD/HLDA. 
S2 may be used as a logical MilO 
indicator, 
and S1 as a DT/R 


indicator. 
The status lines are driven HIGH for one clock during Reset, and 
then floated 
until a bus cycle begins. 


inter 


Symbol 
Pin No. 
Type 
Name and Function 


HOLD (input) 
50 
I 
HOLD indicates 
that another 
bus master is requesting 
the local bus. 


HLDA (output) 
51 
a 
The HOLD input is active HIGH. HOLD may be asynchronous 
with 


respect to the 80186 clock. The 80186 will issue a HLDA (HIGH) in 
response 
to a HOLD request at the end of T4 or Tj. Simultaneous 


with the issuance 
of HLDA, the 80186 will float the local bus and 


control 
lines. After HOLD is detected 
as being LOW, the 80186 will 


lower HLDA. When the 80186 needs to run another 
bus cycle, it will 


again drive the local bus and control 
lines. 


UCS 
34 
a 
Upper Memory Chip Select is an active LOW output whenever 
a 


memory reference 
is made to the defined 
upper portion 
(1K-256K 


block) of memory. This line is not floated 
during bus HOLD. The 


address range activating 
UCS is software 
programmable. 


LCS 
33 
a 
Lower Memory Chip Select is active LOW whenever 
a memory 


reference 
is made to the defined 
lower portion 
(1K-256K) 
of 


memory. This line is not floated 
during bus HOLD. The address 


range activating 
LCS is software 
programmable. 


MCSO-3 
38,37,36,35 
a 
Mid-Range 
Memory Chip Select signals are active LOW when a 


memory reference 
is made to the defined 
mid-range 
portion of 


memory (8K -512K). 
These lines are not floated 
during bus HOLD. 


The address ranges activating 
MCSO-3 
are software 


programmable. 


PCSO 
25 
a 
Peripheral 
Chip Select signals 0-4 
are active LOW when a 


PCS1-4 


reference 
is made to the defined 
peripheral 
area (64K byte I/O 


27,28,29,30 
a 
space). These lines are not floated 
during bus HOLD. The address 


ranges activating 
PCSO-4 
are software 
programmable. 


PCS5/A1 
31 
a 
Peripheral 
Chip Select 5 or Latched A 1 may be programmed 
to 


provide a sixth peripheral 
chip select, or to provide an internally 


latched A 1 signal. The address range activating 
PCS5 is software 


programmable. 
When programmed 
to provide 
latched. A 1, rather 


than PCS5, this pin will retain the previously 
latched value of A 1 


during a bus HOLD. A1 is active HIGH. 


PCS6/A2 
32 
a 
Peripheral 
Chip Select 6 or Latched A2 may be programmed 
to 


provide a seventh 
peripheral 
chip select, or to provide an internally 


latched A2 signal. The address 
range activating 
PCS6 is software 


programmable. 
When programmed 
to provide 
latched A2, rather 


than PCS6, this pin will retain the previously 
latched value of A2 


during a bus HOLD. A2 is active HIGH. 


DT/R 
40 
a 
Data Transmit/Receive 
controls 
the direction 
of data flow through 


the external 
8286/8287 
data bus transceiver. 
When LOW, data is 


transferred 
to the 80186. When HIGH the 80186 places write data 


on the data bus. 


DEN 
39 
a 
Data Enable is provided 
as an 8286/8287 
data bus transceiver 


output enable. 
DEN is active LOW d~ng 
each memory and I/O 


access. 
DEN is HIGH whenever 
DT /R changes 
state. 
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The following 
Functional 
Description 
describes 
the 


base architecture 
of the 80186. 
This architecture 
is 


common 
to the 8086, 8088, and 80286 microproces- 


sor families 
as well. The 80186 
is a very high inte- 
gration 
16-bit microprocessor. 
It combines 
15-20 
of 


the 
most 
common 
microprocessor 
system 
compo- 
nents 
onto 
one chip while 
providing 
twice 
the per- 


formance 
of the standard 
8086. The 80186 is object 


code 
compatible 
with the 8086/8088 
microproces- 


sors and adds 10 new instruction 
types to the exist- 


ing 8086/8088 
instruction 
set. 


The 8086, 8088, 80186, and 80286 family all contain 
the same basic set of registers, 
instructions, 
and ad- 


dressing 
modes. 
The 
80186 
processor 
is upward 


compatible 
with the 8086, 8088, and 80286 CPUs. 


The 80186 
base architecture 
has fourteen 
registers 


as shown 
in Figures 3a and 3b. These 
registers 
are 


grouped 
into the following 
categories. 


General 
Registers 


Eight 16-bit general 
purpose 
registers 
may be used 


to contain 
arithmetic 
and logical 
operands. 
Four of 


these 
(AX, BX, CX, and DX) can be used as 16-bit 


registers 
or split into pairs of separate 
8-bit registers. 


16-BIT 


REGISTER 


NAME 


SPECIAL 


REGISTER 
FUNCTIONS 


BYTE 
ADDRESSABLE 
(8-BIT 
REGISTER 


NAMES 
SHOWN) 


AH 
AL 


DH 
DL 


CH 
CL 


BH 
BL 


Segment 
Registers 


Four 16-bit special 
purpose 
registers 
select, 
at any 


given time, the segments 
of memory 
that are imme- 


diately 
addressable 
for code, 
stack, 
and data. 
(For 


usage, refer to Memory 
Organization.) 


Base and Index Registers 


Four of the general 
purpose 
registers 
may also be 


used to determine 
offset 
addresses 
of operands 
in 


memory. These registers 
may contain 
base address- 


es or indexes 
to particular 
locations 
within 
a seg- 


ment. The addressing 
mode selects 
the specific 
reg- 


isters for operand 
and address 
calculations. 


Status and Control 
Registers 


Two 16-bit special 
purpose 
registers 
record 
or alter 


certain aspects 
of the 80186 processor 
state. These 


are the Instruction 
Pointer 
Register, 
which 
contains 


the offset 
address 
of the next sequential 
instruction 


to be executed, 
and the Status Word Register, which 


contains 
status and control 
flag bits (see Figures 3a 


and 3b). 


The Status Word records 
specific 
characteristics 
of 


the result of logical 
and arithmetic 
instructions 
(bits 


0, 2, 4, 6, 7, and 11) and controls 
the operation 
of 


the 80186 
within 
a given operating 
mode 
(bits 8, 9, 


and 10). The Status 
Word 
Register 
is 16-bits 
wide. 


The 
function 
of the 
Status 
Word 
bits 
is shown 
in 


Table 2. 


15 


CS 


~ 


CODe 
SEGMENT 
SELECTOR 


os 
DATA SEGMENT 
SELECTOR 


SS 
Sf ACK SEGMENT 
SELECTOR 


ES 
EXTRA SEGMENT 
SELECTOR 


SEGMENT 
REGISTEAS 
Fl_ 


IP ------- 


Figure 3a. 80186 Register 
Set 


22-7 


STATUS FLAGS- 


CARRY 


PARITY 


AUXILIARY CARRY 


ZERO 


SIGN 


OVERFLOW 


15 
14 
13 


CONTROL 
FL..&GS: 


TRAP FLAG 


INTERRUPT 
ENABLE 


DIRECTION 
FLAG 


Bit 
Name 
Function 
Position 


0 
CF 
Carry Flag-Set 
on high-order 


bit carry or borrow; cleared 
otherwise 


2 
PF 
Parity Flag-Set 
if low-order 
8 


bits of result contain an even 
number of 1-bits; cleared 
otherwise 


4 
AF 
Set on carry from or borrow to 
the low order four bits of AL; 
cleared 
otherwise 


6 
ZF 
Zero Flag-Set 
if result is zero; 


cleared otherwise 


7 
SF 
Sign Flag-Set 
equal to high- 
order bit of result (0 if positive, 
1 if negative) 


8 
TF 
Single Step Flag-Once 
set, a 


single step interrupt occurs 
after the next instruction 
executes. 
TF is cleared 
by the 


single step interrupt. 


9 
IF 
Interrupt-enable 
Flag-When 


set, maskable 
interrupts 
will 


cause the CPU to transfer 
control 
to an interrupt 
vector 


specified 
location. 


10 
DF 
Direction 
Flag-Causes 
string 


instructions 
to auto decrement 


the appropriate 
index register 


when set. Clearing 
DF causes 


auto increment. 


11 
OF 
Overflow 
Flag-Set 
if the 


signed result cannot 
be 


expressed 
within the number 


of bits in the destination 
operand; 
cleared 
otherwise 


The instruction 
set is divided 
into seven 
categories: 


data 
transfer, 
arithmetic, 
shift/rotate/logical, 
string 


manipulation, 
control 
transfer, 
high-level 
instruc- 


tions, 
and processor 
control. 
These 
categories 
are 


summarized 
in Figure 4. 


An 80186 
instruction 
can reference 
anywhere 
from 


zero to several 
operands. 
An operand 
can reside 
in 


a register, in the instruction 
itself, or in memory. 
Spe- 


cific operand 
addressing 
modes 
are discussed 
later 


in this data sheet. 


Memory Organization 


Memory is organized 
in sets of segments. 
Each seg- 


ment is a linear contiguous 
sequence 
of up to 64K 


(216) 8-bit bytes. Memory 
is addressed 
using a two- 


component 
address 
(a pointer) that consists 
of a 16- 


bit base 
segment 
and 
a 16-bit 
offset. 
The 
16-bit 


base 
values 
are contained 
in one 
of four 
internal 


segment 
register 
(code, 
data, 
stack, 
extra). 
The 


physical 
address 
is calculated 
by shifting 
the base 


value LEFT by four bits and adding the 16-bit offset 
value to yield a 20-bit 
physical 
address 
(see Figure 


5). This allows for a 1 MByte physical 
address 
size. 


All 
instructions 
that 
address 
operands 
in memory 


must specify the base segment 
and the 16-bit offset 


value. For speed and compact 
instruction 
encoding, 


the segment 
register 
used for physical 
address 
gen- 


eration 
is implied 
by the addressing 
mode used (see 


Table 
3). These 
rules follow 
the way programs 
are 


written 
(see Figure 6) as independent 
modules 
that 


require areas for code and data, a stack, and access 
to external 
data areas. 


Special 
segment 
override 
instruction 
prefixes 
allow 


the 
implicit 
segment 
register 
selection 
rules 
to be 


overridden 
for special 
cases. 
The stack, 
data, 
and 


extra segments 
may coincide 
for simple 
programs. 


inter 


GENERAL 
PURPOSE 
MOVS 
Move byte or word string 


Input bytes or word string 
MOV 
Move byte or word 
INS 


PUSH 
Push word onto stack 
OUTS 
Output 
bytes or word string 


POP 
Pop word off stack 
CMPS 
Compare 
byte or word string 
PUSHA 
Push all registers 
on stack 
SCAS 
Scan byte or word stri ng 


POPA 
Pop all registers 
from stack 
LODS 
Load byte or word string 
XCHG 
Exchange 
byte or word 
STOS 
Store byte or word string 


XLAT 
Translate 
byte 
REP 
Repeat 
INPUT/OUTPUT 
REPE/REPZ 
Repeat while equal/zero 
IN 
Input byte or word 


REPNE/REPNZ 
Repeat 
while not equal/not 
zero 
OUT 
Output 
byte or word 
LOGICALS 
ADDRESS 
OBJECT 
NOT 
"Not" 
byte or word 
LEA 
Load effective 
address 
AND 
"And" 
byte or word 
LDS 
Load pointer 
using DS 
OR 
"Inclusive 
or" byte or word 


LES 
Load pointer 
using ES 
XOR 
"Exclusive 
or" byte or word 
FLAG TRANSFER 
TEST 
"Test" 
byte or word 


LAHF 
Load AH register from flags 
SHIFTS 


SAHF 
Store AH register 
in flags 
SHL/SAL 
Shift logical/arithmetic 
left byte or word 


PUSHF 
Push flags onto stack 
SHR 
Shift logical right byte or word 


Pop flags off stack 
SAR 
Shift arithmetic 
right byte or word 
POPF 


ROTATES 
ADDITION 


Rotate 
left byte or word 
ROL 
ADD 
Add byte or word 
ROR 
Rotate 
right byte or word 
ADC 
Add byte or word with carry 
RCL 
Rotate through 
carry left byte or word 
INC 
Increment 
byte or word by 1 
RCR 
Rotate through 
carry right byte or word 
AAA 
ASCII adjust for addition 
FLAG OPERATIONS 


DAA 
Decimal 
adjust for addition 
STC 
Set carry flag 


SUBTRACTION 
CLC 
Clear carry flag 


SUB 
Subtract 
byte or word 
CMC 
Complement 
carry flag 


SBB 
Subtract 
byte or word with borrow 
STD 
Set direction 
flag 


DEC 
Decrement 
byte or word by 1 
CLD 
Clear direction 
flag 


NEG 
Negate 
byte or word 
STI 
Set interrupt 
enable flag 


CMP 
Compare 
byte or word 
CLI 
Clear interrupt 
enable flag 
AAS 
ASCII adjust for subtraction 


EXTERNAL 
SYNCHRONIZATION 


DAS 
Decimal 
adjust for subtraction 
HLT 
Halt until interrupt 
or reset 
MULTIPLICATION 
WAIT 
Wait for TEST pin active 
MUL 
Multiply 
byte or word unsigned 
ESC 
Escape to extension 
processor 
IMUL 
Integer 
multiply 
byte or word 
LOCK 
Lock bus during next instruction 
AAM 
ASCII adjust for multiply 
NO OPERATION 
DIVISION 


NOP 
No operation 
DIV 
Divide byte or word unsigned 
HIGH LEVEL INSTRUCTIONS 
IDIV 
Integer divide byte or word 
ENTER 
Format 
stack for procedure 
entry 
AAD 
ASCII adjust for division 
LEAVE 
Restore 
stack for procedure 
exit 
I 
CBW 
Convert 
byte to word 
BOUND 
Detects 
values outside 
prescribed 
range 
I 
CWD 
Convert 
word to doubleword 


CONDITIONAL 
TRANSFERS 


JAlJNBE 
Jump if above/not 
below nor equal 


JAE/JNB 
Jump if above or equal/not 
below 


JB/JNAE 
Jump if below/not 
above nor equal 


JBE/JNA 
Jump if below or equal/not 
above 


JC 
Jump if carry 


JE/JZ 
Jump if equal/zero 


JG/JNLE 
Jump if greater/not 
less nor equal 


JGE/JNL 
Jump if greater 
or equal/not 
less 


JL/JNGE 
Jump if less/not 
greater 
nor equal 


JLE/JNG 
Jump if less or equal/not 
greater 


JNC 
Jump if not carry 


JNE/JNZ 
Jump if not equal/not 
zero 


JNO 
Jump if not overflow 


JNP/JPO 
Jump if not parity/parity 
odd 


JNS 
Jump if not sign 


JO 
Jump if overflow 


JP/JPE 
Jump if parity/parity 
even 


JS 
Jump if sign 


UNCONDITIONAL 
TRANSFERS 


CALL 
Call procedure 


RET 
Return from procedure 


JMP 
Jump 


ITERATION 
CONTROLS 


LOOP 
Loop 


LOOPE/LOOPZ 
Loop if equal/zero 


LOOPNE/LOOPNZ 
Loop if not equal/ not zero 


JCXZ 
Jump if register 
CX = 0 


INTERRUPTS 


INT 
Interrupt 


INTO 
Interrupt 
if overflow 


IRET 
Interrupt 
return 


To access 
operands 
that do not reside in one of the 


four 
immediately 
available 
segments, 
a full 
32-bit 


pointer 
can be used to reload 
both the base 
(seg- 


ment) and offset values. 
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Memory 
Segment 
Implicit 
Segment 
Reference 
Register 
Needed 
Used 
Selection 
Rule 


Instructions 
Code (CS) 
Instruction 
prefetch 
and 


immediate 
data. 
Stack 
Stack (S8) 
All stack pushes and 
pops; any memory 
references 
which use BP 


Register as a base 
register. 
External 
Extra (ES) 
All string instruction 
Data 
references 
which use 


(Global) 
the 01 register as an 
index. 
Local Data 
Data (OS) 
All other data references. 
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Addressing 
Modes 


The 80186 provides eight categories of addressing 
modes to specify operands. Two addressing modes 
are provided for instructions that operate on register 
or immediate operands: 


• 
Register 
Operand 
Mode: The operand is located 


in one of the 8- or 16-bit general registers. 


• 
Immediate 
Operand 
Mode: 
The operand is in- 


cluded in the instruction. 


Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: a seg- 
ment base and an offset. The segment base is sup- 
plied by a 16-bit segment register either implicitly 
chosen by the addressing mode or explicitly chosen 
by a segment override prefix. The offset, also called 
the effective address, is calculated by summing any 
combination of the following three address ele- 
ments: 
• the displacement 
(an 8- or 16-bit immediate value 


contained in the instruction); 
• the base (contents of either the BX or BP base 


registers); and 


• the index (contents of either the 51 or 01 index 


registers). 


Any carry out from the 16-bit addition is ignored. 
Eight-bit displacements are sign extended to 16-bit 
values. 


Combinations of these three address elements de- 
fine the six memory addressing modes, described 
below. 


• 
Direct Mode: The operand's offset is contained in 
the instruction as an 8- or 16-bit displacement el- 
ement. 


• 
Register 
Indirect 
Mode: The operand's offset is in 


one of the registers 51, 01, BX, or BP. 


• 
Based Mode: The operand's offset is the sum of 
an 8- or 16·bit displacement and the contents of 
a base register (BX or BP). 


• 
Indexed 
Mode: The operand's offset is the sum 


of an 8- or 16-bit displacement and the contents 
of an index register (51 or 01). 


• 
Based Indexed 
Mode: The operand's offset is the 


sum of the contents of a base register and an 
Index register. 


• 
Based indexed 
Mode 
with Displacement: 
The op- 


erand's offset is the sum of a base register's con- 
tents, an index register's contents, and an 8- or 
16-bit displacement. 


Data Types 


The 80186 directly supports the following 
data 


types: 


• 
Integer: A signed binary numeric value contained 
in an 8-bit byte or a 16-bit word. All operations 
assume 
a 
2's 
complement 
representation. 


Signed 32- and 64-bit integers are supported us- 
ing an 8087 Numeric Oata Coprocessor with the 
80186. 


• 
Ordinal: 
An unsigned binary numeric value con- 


tained in an 8-bit byte or a 16-bit word. 


• 
Pointer: A 16- or 32-bit quantity, composed of a 
16-bit offset component or a 16-bit segment base 
component in addition to a 16-bit offset compo- 
nent. 


• 
String: A contiguous sequence of bytes or words. 
A string may contain from 1 to 64K bytes. 


• ASCII: A byte representation of alphanumeric and 


control characters using the ASCII standard of 
character representation. 


• 
BCD: A byte (unpacked) representation of the 
decimal digits 0-9. 


• 
Packed 
BCD: A byte (packed) representation of 


two decimal digits (0-9). One digit is stored in 
each nibble (4-bits) of the byte. 


• 
Floating 
Point: A signed 32-, 64-, or 80-bit real 


number representation. (Floating point operands 
are supported using an 8087 Numeric Oata Co- 
processor with the 80186.) 


In general, individual data elements must fit within 
defined segment limits. Figure 7 graphically repre- 
sents the data types supported by the 80186. 


The I/O space consists of 64K 8·bit or 32K 16-bit 
ports. Separate instructions address the I/O space 
with either an 8-bit port address, specified in the in- 
struction, or a 16-bit port address in the OX register. 
8-bit port addresses are zero extended such that 
A15-AS are LOW. I/O 
port addresses 00F8(H) 


through OOFF(H)are reserved. 


An interrupt transfers execution to a new program 
location. The old program address (CS:IP) and ma- 
chine state (Status Word) are saved on the stack to 
allow resumption of the interrupted program. Inter- 
rupts fall into three classes: hardware initiated, INT 
instructions, and instruction exceptions. Hardware 
initiated interrupts occur in response to an external 
input and are classified as non-maskable or maska- 
ble. 
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Figure 
7. 80186 Supported 
Data Types 


Programs 
may cause 
an interrupt 
with 
an INT in- 


struction. 
Instruction 
exceptions 
occur 
when an un- 


usual 
condition, 
which 
prevents 
further 
instruction 


processing, 
is detected 
while attempting 
to execute 


an instruction. 
If the exception 
was caused 
by exe- 


cuting an ESe instruction 
with the ESe trap bit set in 


the 
relocation 
register, 
the 
return 
instruction 
will 


point to the ESe instruction, 
or to the segment 
over- 


ride prefix 
immediately 
preceding 
the 
ESe 
instruc- 


tion if the prefix was present. 
In all other cases, the 


return 
address 
from 
an exception 
will 
point 
at the 


instruction 
immediately 
following 
the 
instruction 


causing 
the exception. 


A table 
containing 
up to 256 
pointers 
defines 
the 


proper interrupt 
service 
routine for each interrupt. 
In- 


terrupts 
0-31, 
some 
of which 
are used for instruc- 


tion 
exceptions, 
are 
reserved. 
Table 
4 shows 
the 


80186 
predefined 
types 
and default 
priority 
levels. 


For each interrupt, 
an 8-bit vector 
must be supplied 


to the 80186 
which 
identifies 
the appropriate 
table 


entry. 
Exceptions 
supply 
the 
interrupt 
vector 
inter- 


nally. 
In addition, 
internal 
peripherals 
and 
noncas- 


caded 
external 
interrupts 
will 
generate 
their 
own 


vectors 
through 
the internal 
interrupt 
controller. 
INT 


instructions 
contain 
or imply 
the 
vector 
and 
allow 


access 
to all 256 interrupts. 
Maskable 
hardware 
ini- 


tiated 
interrupts 
supply 
the 8-bit vector 
to the epu 


during 
an 
interrupt 
acknowledge 
bus 
sequence. 


Non-maskable 
hardware 
interrupts 
use a predefined 


internally 
supplied 
vector. 


Interrupt Sources 


The 80186 can service 
interrupts 
generated 
by soft- 


ware or hardware. 
The software 
interrupts 
are gen- 


erated 
by specific 
instructions 
(INT, 
ESe, 
unused 


OP, etc.) 
or the 
results 
of conditions 
specified 
by 


instructions 
(array 
bounds 
check, 
INTO, OIV, 101V, 


etc.). All interrupt 
sources 
are serviced 
by an indirect 


call through 
an element 
of a vector table. This vector 


table 
is indexed 
by using the 
interrupt 
vector 
type 


(Table 4), multiplied 
by four. All hardware-generated 


interrupts 
are sampled 
at the end of each 
instruc- 


tion. Thus, the software 
interrupts 
will begin service 


first. Once the service 
routine 
is entered 
and inter- 


rupts are enabled, 
any hardware 
source 
of sufficient 


priority can interrupt 
the service 
routine 
in progress. 


The 
software 
generated 
80186 
interrupts 
are 
de- 


scribed 
below. 


DIVIDE 
ERROR 
EXCEPTION 
(TYPE 
0) 


Generated 
when 
a OIV or 10lV instruction 
quotient 


cannot 
be expressed 
in the 
number 
of bits in the 


destination. 


SINGLE-STEP 
INTERRUPT 
(TYPE 
1) 


Generated 
after 
most 
instructions 
if the TF flag 
is 


set. Interrupts 
will not be generated 
after 
prefix 
in- 


structions 
(e.g., REP), instructions 
which modify seg- 


ment registers 
(e.g., POP OS), or the WAIT instruc- 


tion. 


NON-MASKABLE 
INTERRUPT-NMI 
(TYPE 
2) 


An 
external 
interrupt 
source 
which 
cannot 
be 


masked. 


Interrupt 
Vector 
Default 
Related 


Name 
Type 
Priority 
Instructions 


Divide Error 
0 
'1 
DIV,IDIV 


Exception 
Single Step 
1 
12" 
All 
Interrupt 
NMI 
2 
1 
All 


Breakpoint 
3 
'1 
INT 


Interrupt 
INTODetected 
4 
'1 
INTO 


Overflow 
Exception 
Array Bounds 
5 
'1 
BOUND 


Exception 
Unused-Opcode 
6 
'1 
Undefined 


Exception 
Opcodes 


ESCOpcode 
7 
*1··· 
ESCOpcodes 


Exception 
Timer 0 Interrupt 
8 
2A···· 
Timer 1 Interrupt 
18 
2B···· 
Timer 2 Interrupt 
19 
2C···· 
Reserved 
9 
3 


DMA 0 Interrupt 
10 
4 


DMA 1 Interrupt 
11 
5 


INTOInterrupt 
12 
6 


INn 
Interrupt 
13 
7 


INT2 Interrupt 
14 
8 


INT3 Interrupt 
15 
9 


NOTES: 
'1. These are generated as the result of an instruction exe- 
cution. 
"2. 
This is handled as in the 8086. 
•••• 3.AII three timers constitute one source of request to 
the interrupt controller. The Timer interrupts all have the 
same default priority level with respect to all other interrupt 
sources. However, they have a defined priority ordering 
amongst themselves. (Priority 2A is higher priority than 28.) 
Each Timer interrupt has a separate vector type number. 
4. Default priorities for the interrupt sources are used only if 
the user does not program each source into a unique prior- 
ity level. 
'''5. 
An escape opcode will cause a trap only if the proper 


bit is set in the peripheral control block relocation register. 


A one-byte version of the INT instruction. It uses 12 
as an index into the service routine address table 
(because it is a type 3 interrupt). 


INTO DETECTED OVERFLOW EXCEPTION 
(TVPE4) 


Generated during an INTOinstruction if the OFbit is 
set. 


Generated during a BOUND instruction if the array 
index is outside the array bounds. The array bounds 
are located in memory at a location indicated by one 
of the instruction operands. The other operand indi- 
cates the value of the index to be checked. 


Generated if execution is attempted on undefined 
opcodes. 


Generated if execution is attempted of ESCopcodes 
(D8H-DFH). This exception will only be generated if 
a bit in the relocation register is set. The return ad- 
dress of this exception will point to the ESC instruc- 
tion causing the exception. If a segment override 
prefix preceded the ESC instruction, the return ad- 
dress will point to the segment override prefix. 


Hardware-generated interrupts are divided into two 
groups: maskable interrupts and non-maskable in- 
terrupts. The 80186 provides maskable hardware in- 
terrupt request pins INTO-INT3. In addition, maska- 
ble interrupts may be generated by the 80186 inte- 
grated DMA controller and the integrated timer unit. 
The vector types for these interrupts is shown in Ta- 
ble 4. Software enables these inputs by setting the 
interrupt flag bit (IF) in the Status Word. The inter- 
rupt controller is discussed in the peripheral section 
of this data sheet. 


Further maskable interrupts are disabled while serv- 
icing an interrupt because the IF bit is reset as part 
of the response to an interrupt or exception. The 
saved Status Word will reflect the enable status of 
the processor prior to the interrupt. The interrupt flag 
will remain zero unless specifically set. The interrupt 
return instruction restores the Status Word, thereby 
restoring the original status of IF bit. If the interrupt 
return re-enables interrupts, and another interrupt is 
pending, the 80186 will immediately service the 
highest-priority interrupt pending, Le., no instructions 
of the main line program will be executed. 


A non-maskable interrupt (NMI) is also provided. 
This interrupt is serviced regardless of the state of 
the IF bit. A typical use of NMI would be to activate a 
power failure routine. The activation of this input 
causes an interrupt with an internally supplied vector 
value of 2. No ex1ernal interrupt acknowledge se- 
quence is performed. The IF bit is cleared at the 
beginning of an NMI interrupt to prevent maskable 
interrupts from being serviced. 


.,lflYle-;)tep Interrupt 


The 80186 
has an internal 
interrupt 
that allows 
pro- 


grams 
to 
execute 
one 
instruction 
at a time. 
It is 


called 
the single-step 
interrupt 
and is controlled 
by 


the single-step 
flag bit (TF) in the Status Word. Once 


this 
bit is set, an internal 
single-step 
interrupt 
will 


occur 
after the next instruction 
has been executed. 


The interrupt 
clears the TF bit and uses an internally 


supplied 
vector 
of 1. The IRET instruction 
is used to 


set the TF bit and transfer 
control 
to the next instruc- 


tion to be single-stepped. 


Processor 
initialization 
or startup 
is accomplished 
by 


driving 
the 
RES 
input 
pin 
LOW. 
RES 
forces 
the 


80186 to terminate 
all execution 
and local bus activi- 


!}'J':!o instruction 
or bus activity will occur as long as 


RES is active. 
After 
RES becomes 
inactive 
and an 


internal 
processing 
interval 
elapses, 
the 80186 
be- 


gins execution 
with the instruction 
at physical 
loca- 


tion FFFFO(H). RES also sets some registers 
to pre- 


defined 
values 
as shown 
in Table 5. 


Table 5. 80186 Initial Register 
State after RESET 


Status Word 
F002(H) 


Instruction 
Pointer 
OOOO(H) 


Code Segment 
FFFF(H) 


Data Segment 
OOOO(H) 


Extra Segment 
OOOO(H) 


Stack Segment 
OOOO(H) 


Relocation 
Register 
20FF(H) 


UMCS 
FFFB(H) 


The 80186 
provides 
an on-chip 
clock 
generator 
for 


both 
internal 
and 
external 
clock 
generation. 
The 


clock generator 
features 
a crystal oscillator, 
a divide- 
by-two 
counter, 
synchronous 
and 
asynchronous 


ready inputs, and reset circuitry. 


The oscillator 
circuit of the 80186 
is designed 
to be 


used 
with 
a parallel 
resonant 
fundamental 
mode 


crystal. This is used as the time base for the 80186. 
The 
crystal 
frequency 
selected 
will 
be double 
the 


CPU clock 
frequency. 
Use of an LC or RC circuit 
is 


not recommended 
with this oscillator. 
If an external 


oscillator 
is used, it can be connected 
directly 
to in- 


put pin X1 in lieu of a crystal. The output of the oscil- 
lator is not directly 
available 
outside 
the 80186. The 


recommended 
crystal 
configuration 
is shown 
in Fig- 


ure 8. 


80186-10 (10MHz) 20 


80186 
(8MHz) 16 


Figure 8. Recommended 
80186 


Crystal Configuration 


The following 
parameters 
may be used for choosing 


a crystal: 


Temperature 
Range: 


ESR (Equivalent 
Series Resistance): 


Co (Shunt Capacitance 
of Crystal): 


C1 (Load Capacitance): 
Drive Level: 


o to 70·C 
30.0 max 
7.0 pf max 
20pf±2pf 
1 mWmax 


The 80186 
clock 
generator 
provides 
the 50% 
duty 


cycle processor 
clock 
for the 80186. 
It does this by 


dividing 
the oscillator 
output 
by 2 forming 
the sym- 


metrical 
clock. 
If an external 
oscillator 
is used, the 


state of the clock 
generator 
will change 
on the fail- 


ing edge 
of the oscillator 
signal. 
The CLKOUT 
pin 


provides 
the processor 
clock 
signal for use outside 


the 80186. 
This may be used to drive other 
system 


components. 
All timings are referenced 
to the output 


clock. 


READY Synchronization 


The 
80186 
provides 
both 
synchronous 
and 
asyn- 


chronous 
ready 
inputs. 
Asynchronous 
ready 
syn- 


chronization 
is accomplished 
by circuitry which sam- 


ples ARDY 
in the middle of T2, T3 and again in the 


middle 
of each 
Tw until 
ARDY 
is sampled 
HIGH. 


One-half 
CLKOUT 
cycle 
of resolution 
time 
is used. 


Full synchronization 
is performed 
only on the rising 


edge of ARDY, 
i.e., the falling 
edge of ARDY 
must 


be synchronized 
to the CLKOUT 
signal if it will occur 


during 
T2, T3, or Tw. High-to-LOW 
transitions 
of 


ARDY must be performed 
synchronously 
to the CPU 


clock. 


A second 
ready 
input 
(SRDY) 
is provided 
to inter- 


face with externally 
synchronized 
ready signals. This 


input is sampled 
at the end of T2. T3 and again at 


the 
end 
of each 
Tw until 
it is sampled 
HIGH. 
By 


using this input rather than the asynchronous 
ready 


input. the half-clock 
cycle 
resolution 
time penalty 
is 


eliminated. 


inter 


This input must satisfy set-up and hold times to guar- 
antee proper operation of the circuit. 


In addition, the 80186, as part of the integrated chip- 
select logic, has the capability to program WAIT 
states for memory and peripheral blocks. This is dis- 
cussed in the Chip Select/Ready Logic description. 


RESET Logic 


The 80186 provides both a RES input pin and a syn- 
chronized RESET pin for use with other system 
components. The RES input pin on the 80186 is pro- 
vided with hysteresis in order to facilitate power-on 
Reset generation via an RC network. RESET is 
guaranteed to remain active for at least five clocks 
given a RES input of at least six clocks. RESET may 
be delayed up to two and one-half clocks behind 
RES. 


Multiple 801~rocessors 
may be synchronized 


through the RES input pin, since this input resets 
both the processor and divide-by-two internal coun- 
ter in the clock generator. In order to insure that the 
divide-by-two counters all begin counting at the 
same time, the active going edge of RES must satis- 
fy a 25 ns setup time before the falling edge of the 
80186 clock input. In addition, in order to insure that 
all CPUs begin executing in the same clock cycle, 
the reset must satisfy a 25 ns setup time before the 
rising edge of the CLKOUT signal of all the proces- 
sors. 


The 80186 provides a local bus controller to gener- 
ate the local bus control signals. In addition, it em- 
ploys a HOLD/HLDA protocol for relinquishing the 
local bus to other bus masters. It also provides con- 
trol lines that can be used to enable external buffers 
and to direct the flow of data on and off the local 
bus. 


Memory/Peripheral 
Control 


The 80186 provides ALE, RD, and WR bus control 
signals. The RD and WR signals are used to strobe 
data from memory to the 80186 or to strobe data 
from the 80186 to memory. The ALE line provides a 
strobe to address latches for the multiplexed ad- 
dress/data bus. The 80186 local bus controller does 
not provide a memory/I/O signal. If this is required, 
the user will have to use the S2 signal (which will 
require external latching), make the memory and I/O 
spaces nonoverlapping, or use only the integrated 
chip-select circuitry. 


The 80186 generates two control signals to be con- 
nected to 8286/8287 transceiver chips. This capa- 
bility allows the addition of transceivers for extra 
buffering without add~external 
logic. These con- 


trol lines, DT/A" and DEN, are generated to control 
the flow of data through the transceivers. The opera- 
tion of these signals is shown in Table 6. 


Table 6. Transceiver 
Control 
Signals Description 


Pin Name 
Function 


DEN (Data Enable) 
Enables the output 
drivers of the 
transceivers. It is active 
LOW during memory, 
I/O, or INTA cycles. 


DT/A" (Data Transmit/ 
Determines the direction 


Receive) 
of travel through the 
transceivers. A HIGH 
level directs data away 
from the processor 
during write operations, 
while a LOW level directs 
data toward the 
processor during a read 
operation. 


The 80186 uses a HOLD/HLDA system of local bus 
exchange. This provides an asynchronous bus ex- 
change mechanism. This means multiple masters 
utilizing the same bus can operate at separate clock 
frequencies. The 80186 provides a single HOLD/ 
HLDA pair through which all other bus masters may 
gain control of the local bus. This requires external 
circuitry to arbitrate which external device will gain 
control of the bus from the 80186 when there is 
more than one alternate local bus master. When the 
80186 relinquishes control of the local bus, it floats 
DEN, 
RD, 
WR, 
SO-S2, 
LOCK, 
ADO-AD15, 


A16-A19, SHE, and DT/A" to allow another master 
to drive these lines directly. 


The 80186 HOLD latency time, i.e., the time be- 
tween HOLD request and HOLD acknowledge, is a 
function of the activity occurring in the processor 
when the HOLD request is received. A HOLD re- 
quest is the highest-priority activity request which 
the processor may receive: higher than instruction 
fetching or internal DMA cycles. However, if a DMA 
cycle is in progress, the 80186 will complete the 
transfer before relinquishing the bus. This implies 
that if a HOLD request is received just as a DMA 
transfer begins, the HOLD latency time can be as 
great as 4 bus cycles. This will occur if a DMA word 
transfer operation is taking place from an odd ad- 


inter 


dress to an odd address. This is a total of 16 clocks 
or more, if WAIT states are required. In addition, if 
locked transfers are performed, the HOLD latency 
time will be increased by the length of the locked 
transfer. 


Upon receipt of a RESET pulse from the RES input, 
the local bus controller will perform the following ac- 
tion: 


• Drive DEN, RD, and WR HIGH for one clock cy- 


cle, then float. 


NOTE: 


RD is also provided with an internal pull-up device 
to prevent the processor from inadvertently enter- 
ing Queue Status mode during reset. 


• Drive SO-52 to the passive state (all HIGH) and 


then float. 


• Drive LOCK HIGH and then float. 
• Float ADO-15, A16-19, SHE, DT/R. 
• Drive ALE LOW (ALE is never floated). 


• Drive HLDA LOW. 


All the 80186 integrated peripherals are controlled 
via 16-bit registers contained within an internal 256- 
byte control 
block. This control 
block 
may be 


mapped into either memory or I/O space. Internal 
logic will recognize the address and respond to the 
bus cycle. During bus cycles to internal registers, the 
bus controller will signal the operation externally 
(Le., the RD, WR, status, address, data, etc., lines 
will be driven as in a normal bus cycle), but D15-0, 
SRDY, and ARDY will be ignored. The base address 
of the control block must be on an even 256-byte 
boundary (Le., the lower 8 bits of the base address 
are all zeros). All of the defined registers within this 
control block may be read or written by the 80186 
CPU at any time. The location of any register con- 
tained within the 256-byte control block is deter- 
mined by the current base address of the control 
block. 


The control block base address is programmed via a 
16-bit relocation register contained within the control 
block at offset FEH from the base address of the 
control block (see Figure 9). It provides the upper 12 
bits of the base address of the control block. The 
control block is effectively an internal chip select 
range and must abide by all the rules concerning 
chip selects (the chip select circuitry is discussed 
later in this data sheet). Any access to the 256 bytes 
of the control block activates an internal chip select. 


Other chip selects may overlap the control block 
only if they are programmed to zero wait states and 
ignore external ready. In addition, bit 12 of this regis- 
ter determines whether the control block will be 
mapped into I/O or memory space. If this bit is 1, the 
control block will be located in memory space, 
whereas if the bit is 0, the control block will be locat- 
ed in I/O space. If the control register block is 
mapped into I/O space, the upper 4 bits of the base 
address must be programmed as 0 (since I/O ad- 
dresses are only 16 bits wide). 


In addition to providing relocation information for the 
control block, the relocation register contains bits 
which place the interrupt controller into slave mode, 
and cause the CPU to interrupt upon encountering 
ESC instructions. At RESET, the relocation register 
is set to 20FFH. This causes the control block to 
start at FFOOHin I/O space. An offset map of the 
256-byte control register block is shown in Figure 
10. 


The integrated 80186 peripherals operate semi-au- 
tonomously from the CPU. Access to them for the 
most part is via software read/write of the control 
block. Most of these registers can be both read and 
written. A few dedicated lines, such as interrupts and 
DMA request provide real-time communication be- 
tween the CPU and peripherals as in a more con- 
ventional system utilizing discrete peripheral blocks. 
The overall interaction and function of the peripheral 
blocks has not substantially changed. 


CHIP-SELECT IREADY 
GENERATION 


LOGIC 


The 80186 contains logic which provides program- 
mable chip-select generation for both memories and 
peripherals. In. addition, it can be programmed to 
provide READY (or WAIT state) generation. It can 
also povide latched address bits A1 and A2. The 
chip-select lines are active for all memory and I/O 
cycles in their programmed areas, whether they be 
generated by the CPU or by the integrated DMA unit. 


Memory Chip Selects 


The 80186 provides 6 memory chip select outputs 
for 3 address areas; upper memory, lower memory, 
and midrange memory. One each is provided for up- 
per memory and lower memory, while four are pro- 
vided for midrange memory. 


The range for each chip select is user-programma- 
ble and can be set to 2K, 4K, 8K, 16K, 32K, 64K, 
128K (plus 1K and 256K for upper and lower chip 
selects). In addition, the beginning or base address 


inter 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
0 
OFFSET: 
FEH I ET ISLAVE/MASfER] 
X 
IMllol 
Relocation Address Bits R19-R8 
ET 
= ESCTrap I No ESCTrap (1/0) 
MilO = Register block located in Memory I 1/0 Space (1/0) 
SLAVEl MASTER = Configure interrupt controller for Siavel Master Mode (1/0) 


Relocation Register 


DMA Descriptors Channel 1 


DMA Descriptors Channel 0 


Chip·Select Control Registers 


Time 2 Control Registers 


Time 1 Control Registers 


Time 0 Control Registers 


Interrupt Controller Registers 


of the midrange memory chip select may also be 
selected. Only one chip select may be programmed 
to be active for any memory location at a time. All 
chip select sizes are in bytes, whereas 80186 mem- 
ory is arranged in words. This means that if, for ex- 
ample, 16 64K x 1 memories are used, the memory 
block size will be 128K, not 64K. 


Upper Memory CS 


The 80186 provides a chip select, called UCS, for 
the top of memory. The top of memory is usually 
used as the system memory because after reset the 
80186 
begins 
executing 
at 
memory 
location 


FFFFOH. 


The upper limit of memory defined by this chip select 
is always FFFFFH, while the lower limit is program- 
mable. By programming the lower limit, the size of 
the select block is also defined. Table 7 shows the 
relationship between the base address selected and 
the size of the memory block obtained. 


Table 7. UMCS Programming 
Values 


Starting 
Memory 
UMCSValue 
Address 
Block 
(Assuming 
(Base 
Size 
RO=R1=R2=O) 
Address) 


FFCOO 
1K 
FFF8H 


FF800 
2K 
FFB8H 


FFOOO 
4K 
FF38H 


FEOOO 
8K 
FE38H 


FCOOO 
16K 
FC38H 


F8000 
32K 
F838H 


FOOOO 
64K 
F038H 


EOOOO 
128K 
E038H 


cocoa 
256K 
C038H 


The lower limit of this memory block is defined in the 
UMCS register (see Figure 11). This register is at 
offset AOH in the internal control block. The legal 
values for bits 6-13 
and the resulting starting ad- 


dress and memory block sizes are given in Table 7. 
Any combination of bits 6-13 not shown in Table 7 
will result in undefined operation. After reset, the 
UMCS register is programmed for a 1K area. It must 
be reprogrammed if a larger upper memory area is 
desired. 


Any internally generated 20-bit address whose up- 
per 16 bits are greater than or equal to UMCS (with 
bits 0-5 "0") will cause UCS to be activated. UMCS 
bits R2-RO are used to specify READY mode for the 
area of memory defined by this chip-select register, 
as explained below. 


The 80186 provides a chip select for low memory 
called LCS. The bottom of memory contains the in- 
terrupt vector table, starting at location OOOOOH. 


The lower limit of memory defined 
by this chip select 
is always OH, while the upper limit is programmable. 
By 
programming 
the 
upper 
limit, 
the 
size 
of 
the 


memory 
block 
is also 
defined. 
Table 
8 shows 
the 


relationship 
between 
the 
upper 
address 
selected 


and the size of the memory 
block obtained. 


Table 
8. LMCS Programming 
Values 


Upper 
Memory 
LMCSValue 


Address 
Block 
(Assuming 


Size 
RO=R1 
= R2_= 0) 


003FFH 
1K 
0038H 


007FFH 
2K 
, 
0078H 


OOFFFH 
4K 
00F8H 


01FFFH 
8K 
01F8H 


03FFFH 
16K 
03F8H 


07FFFH 
32K 
07F8H 


OFFFFH 
64K 
OFF8H 


1FFFFH 
128K 
1FF8H 


3FFFFH 
256K 
3FF8H 


The upper limit of this memory block is defined 
in the 


LMCS 
register 
(see 
Figure 
12). This 
register 
is at 


offset 
A2H 
in the 
internal 
control 
block. 
The 
legal 
values for bits 6-15 
and the resulting 
upper address 


and memory 
block 
sizes are given in Table 
8. Any 


combination 
of bits 6-15 
not shown 
in Table 
8 will 


result in undefined 
operation. 
After reset, the LMCS 


register 
value is undefined. 
However, 
the LCS chip- 
select 
line will 
not 
become 
active 
until 
the 
LMCS 


register 
is accessed. 


Any internally 
generated 
20-bit 
address 
whose 
up- 
per 16 bits are less than or equal to LMCS (with bits 
0-5 
"1 ") will cause LCS to be active. 
LMCS register 


bits R2-RO 
are used to specify the READY mode for 


the area of memory 
defined 
by this chip-select 
regis- 
ter. 


Mid-Range Memory CS 


The 80186 provides 
four MCS lines which are active 


within 
a user-locatable 
memory 
block. 
This 
block 


can be located 
within 
the 80186 
1M byte memory 


address 
s~e 
exclusive 
of the 
areas 
defined 
by 


UCS and 
LCS. Both the base address 
and size of 


this memory 
block are programmable. 


The size of the memory 
block 
defined 
by the mid- 


range 
select 
lines, 
as shown 
in Table 
9, is deter- 


mined by bits 8-14 
of the MPCS register 
(see Figure 


13). This register 
is at location 
A8H in the internal 


control 
block. 
One and only one of bits 8-14 
must 


be set at a time. Unpredictable 
operation 
of the MCS 


lines will otherwise 
occur. 
Each of the four chip-se- 


lect lines is active for one of the four equal contigu- 
ous divisions 
of the mid-range 
block. Thus, if the to- 


tal block size is 32K, each chip select is active for 8K 
of memory with MCSO being active for the' first range 
and MCS3 being active for the last range. 


The EX and MS in MPCS relate to peripheral 
func- 


tionally 
as described 
in a later section. 


Table 
9. MPCS Programming 
Values 


Total 
Block 
Individual 
MPCSBlts 


Size 
Select 
Size 
14-8 


8K 
2K 
0000001B 


16K 
4K 
0000010B 


32K 
8K 
0000100B 


64K 
16K 
0001000B 


128K 
32K 
0010000B 


256K 
64K 
0100000B 


512K 
128K 
1000000B 


The base address 
of the mid-range 
memory 
block is 


defined 
by bits 15-9 
of the MMCS register 
(see Fig- 


ure 14). This register 
is at offset 
A6H in the internal 


control 
block. 
These 
bits 
correspond 
to 
bits 


A 19-A 13 
of 
the 
20-bit 
memory 
address. 
Bits 


A 12-AO 
of the base address are always o. The base 


address 
may be set at any integer 
multiple 
of the 


size of the total 
memory 
block 
selected. 
For exam- 


ple, if the mid-range 
block size is 32K (or the size of 


the block for which 
each 
MCS line is active 
is 8K), 


the block 
could 
be located 
at 10000H 
or 18000H, 


but not at 14000H, 
since the first few integer 
multi- 


ples 
of 
a 
32K 
memory 
block 
are 
OH, 
8000H, 


10000H, 
18000H, 
etc. After 
reset, 
the contents 
of 


both of these 
registers 
is undefined. 
However, 
none 


of the MCS lines will be active 
until both the MMCS 


and MPCS registers 
are accessed. 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
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OFFSET: 
AOHI 
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1 
U 
U 
U 
u I u 
u I u I u 
1 
1 
1 I R2 I Rl I RO I 
A19 
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Figure 
11. UMCS Register 
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Figure 
12. LMCS Register 


22-18 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
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1 
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OFFSET: 
A8H I 
1 I M6 I M5 I M4 I M3 I M2 I M1 I MO I EX I MS I 
1 
1 
1 I R2 I R1 I RO I 


15 
9 
3 
0 


OFFSET: 
A6H I u I u I u I u I u I u I u I 
1 I 
1 I 
1 I 
1 I 
1 
1 I R2 I R1 I RO I 


A19 
A13 


MMCS bits R2-RO specify READY mode of opera- 
tion for all mid-range chip selects. All devices in mid- 
range memory must use the same number of WAIT 
states. 


The 512K block size for the mid-range memory chip 
selects is a special case. When using 512K, the 
base address would have to be at either locations 
OOOOOHor 80000H. If it were to be programmed at 
OOOOOHwhen the LCS line was programmed, there 
would be an internal conflict between the LCS ready 
generation logic and the MCS ready generation log- 
ic. Likewise, if the base address were programmed 
at 80000H, there would be a conflict with the UCS 
ready generation logic. Since the LCS chip-select 
line does not become active until programmed, while 
the UCS line is active at reset, the memory base can 
be set only at OOOOOH.If this base address is select- 
ed, however, the LCS range must not be pro- 
grammed. 


The 80186 can generate chip selects for up to seven 
peripheral devices. These chip selects are active for 
seven contiguous blocks of 128 bytes above a pro- 
grammable base address. This base address may 
be located in either memory or I/O space. 


Seven CS lines called PCSO-6 are generated by the 
80186. The base address is user-programmable; 


however it can only be a multiple of 1K bytes, i.e., 
the least significant 10 bits of the starting address 
are always O. 


PCS5and PCS6can also be programmed to provide 
latched address bits A1, A2. If so programmed, they 
cannot be used as peripheral selects. These outputs 
can be connected directly to the AO, A1 pins used 
for selecting internal registers of 8-bit peripheral 
chips. This scheme simplifies the hardware interface 
because the 8-bit registers of peripherals are simply 
treated as 16-bit registers located on even bounda- 
ries in I/O space or memory space where only the 
lower 8-bits of the register are significant: the upper 
8-bits are "don't cares." 


The starting address of the peripheral chip-select 
block is defined by the PACS register (see Figure 
15). This register is located at offset A4H in the inter- 
nal control block. Bits 15-6 of this register corre- 
spond to bits 19-10 
of the 20-bit Programmable 
Base Address (PBA) of the peripheral chip-select 
block. Bits 9-0 of the PBA of the peripheral chip-se- 
lect block are all zeros. If the chip-select block is 
located in I/O 
space, bits 12-15 
must be pro- 
grammed zero, since the I/O address is only 16 bits 
wide. Table 10 shows the address range of each 
peripheral chip select with respect to the PBA con- 
tained in PACS register. 


15 
6 
5 
3 
0 


OFFSET: 
A4H I u I u I u I u I u I u I u I u I u I u I 
1 I 
1 
1 I R2 I R1 I RO I 


A19 
A10 


inter 


The user should program 
bits 15-6 
to correspond 
to 


the desired 
peripheral 
base location. 
PACS bits 0-2 


are used to specify 
READY 
mode for PCSO-PCS3. 


Table 
10. PCS Address 
Ranges 


PCS Line 
Active 
between 
Locations 


PCSO 
PBA 
-PBA+127 


PCS1 
PBA + 128-PBA 
+ 255 


PCS2 
PBA + 256-PBA 
+ 383 


PCS3 
PBA + 384-PBA 
+ 511 


PCS4 
PBA + 512-PBA 
+ 639 


PCS5 
PBA + 64o--PBA 
+ 767 


PCS6 
PBA + 768-PBA 
+ 895 


The mode of operation 
of the peripheral 
chip selects 


is defined 
by th.e MPCS register 
(which is also used 


to set the size of the mid-range 
memory 
chip-select 


block, see Figure 13). This register 
is located 
at off- 


set A8H in the internal 
control 
block. Bit 7 is used to 


select the function 
of PCS5 and PCS6, while bit 6 is 


used to select 
whether 
the peripheral 
chip 
selects 


are 
mapped 
into 
memory 
or I/O 
space. 
Table 
11 


describes 
the programming 
of these bits. After reset, 


the contents 
of both the MPCS and the PACS regis- 
ters are undefined, 
however 
none of the PCS lines 


will be active until both of the MPCS and PACS reg- 
isters are accessed. 


Bit 
Description 


MS 
1 = Peripherals 
mapped 
into memory space. 
o = Peripherals 
mapped into I/O space. 
EX 
o = 5 PCS lines. A 1, A2 provided. 
1 = 7 PCS lines. A 1, A2 are not provided. 


MPCS bits 0-2 
are used to specify READY mode for 


PCS4-PCS6 
as outlined 
below. 


READY Generation 
Logic 


The 80186 can generate 
a "READY" 
s~al 
internal- 


ly for each of the memory or peripheral 
CS lines. The 


number 
of WAIT states 
to be inserted 
for each 
pe- 


ripheral 
or memory 
is programmable 
to provide 
0-3 


wait states for all accesses 
to the area for which the 


chip select 
is active. 
In addition, 
the 80186 
may be 


programmed 
to 
either 
ignore 
external 
READY 
for 


each chip-select 
range individually 
or to factor exter- 
nal READY 
with the integrated 
ready generator. 


READY control 
consists 
of 3 bits for each CS line or 


group of lines generated 
by the 80186. The interpre- 


tation of the ready bits is shown 
in Table 
12. 


R2 
R1 
RO 
Number 
of WAIT States Generated 


0 
0 
0 
o wait states, external 
RDY 


also used. 


0 
0 
1 
1 wait state inserted, 
external 
RDY 


also used. 


0 
1 
0 
2 wait states inserted, 
external 
RDY 


also used. 
0 
1 
1 
3 wait states inserted, 
external 
RDY 


also used. 
1 
0 
0 
o wait states, external 
RDY 
ignored. 


1 
0 
1 
1 wait state inserted, 
external 
RDY 
ignored. 


1 
1 
0 
2 wait states inserted, 
external 
RDY 
ignored. 


1 
1 
1 
3 wait states inserted, 
external 
RDY 


ignored. 


The 
internal 
ready 
generator 
operates 
in parallel 


with 
external 
READY, 
not in series 
if the 
external 


.READY 
is used (R2 = 0). This means, for example, 


if the 
internal 
generator 
is set 
to 
insert 
two 
wait 


states, 
but activity 
on the external 
READY 
lines will 


insert four wait states, 
the processor 
will only insert 


four wait states, not six. This is because 
the two wait 


states 
generated 
by the 
internal 
generator 
over- 


lapped the first two wait states generated 
by the ex- 


ternal ready signal. Note that the external 
ARDY and 


SRDY 
lines 
are 
always 
ignored 
during 
cycles 
ac- 


cessing 
internal 
peripherals. 


R2-RO 
of each 
control 
word 
specifies 
the READY 


mode for the corresponding 
block, 
with the excep- 


tion of the peripheral 
chip selects: 
R2-RO 
of PACS 


set the PCSO-3 
READY mode, R2-RO 
of MPCS set 


the PCS4-6 
READY 
mode. 


Chip Select/Ready 
Logic and Reset 


Upon 
reset, 
the Chip-Select/Ready 
Logic 
will 
per- 


form the following 
actions: 


• 
All chip-select 
outputs 
will be driven 
HIGH. 


• 
Upon 
leaving 
RESET, 
the 
UCS line will be pro- 


grammed 
to provide 
chip 
selects 
to a 1K block 


with the accompanying 
READY control 
bits set at 


011 to allow the maximum 
number of internal wait 


states in conjunction 
with external 
Ready consid- 


eration 
(I.e., UMCS resets to FFFBH). 


"nter 


• No other chip select or READY control registers 


have any predefined values after RESET. They 
will not become active until the CPU accesses 
their control registers. Both the PACS and MPCS 
registers must be accessed before the PCS lines 
will become active. 


The 80186 DMA controller provides two indepen- 
dent DMA channels. Data transfers can occur be- 
tween memory and I/O spaces (e.g., Memory to I/O) 
or within the same space (e.g., Memory to Memory 
or I/O to I/O). Data can be transferred either in 
bytes (8 bits) or in words (16 bits) to or from even or 
odd addresses. Each DMA channel maintains both a 
20-bit source and destination pointer which can be 
optionally incremented or decremented after each 
data transfer (by one or two depending on byte or 
word transfers). Each data transfer consumes 2 bus 
cycles (a minimum of 8 clocks), one cycle to fetch 
data and the other to store data. This provides a 
maximum data transfer rate of 1.25 Mword/sec or 
2.5 MBytes/sec at 10 MHz. 


Each channel has six registers in the control block 
which define each channel's specific operation. The 
control registers consist of a 20-bit Source pointer (2 
words), a 20-bit destination pointer (2 words), a 16- 
bit Transfer Counter, and a 16-bit Control Word. The 
format of the DMA Control Blocks is shown in Table 
13. The Transfer Count Register (TC) specifies the 
number of DMA transfers to be performed. Up to 
64K byte or word transfers can be performed with 
automatic termination. The Control Word defines the 
channel's operation (seE! Figure 17). All registers 
may be modified or altered during any DMA activity. 
Any changes made to these registers will be reflect- 
ed immediately in DMA operation. 


Table 13. DMA Control 
Block Format 


Register 
Name 
Register 
Address 


Ch.O 
Ch.1 


Control Word 
CAH 
DAH 


Transfer Count 
C8H 
D8H 


Destination Pointer (upper 4 
C6H 
D6H 


bits) 
Destination Pointer 
C4H 
D4H 


Source Pointer (upper 4 bits) 
C2H 
D2H 


Source Pointer 
COH 
DOH 


DMA 
CONTROL 
lOGIC 


inter 


Figure 17. DMA Control 
Register 


TC: 
If set, DMA will terminate 
when 
the 


contents 
of the Transfer 
Count regis- 


ter reach zero. The ST /STOP 
bit will 


also be reset at this point if TC is set. 
If this bit is cleared, 
the DMA unit will 


decrement 
the transfer 
count register 


for 
each 
DMA 
cycle, 
but 
the 
DMA 


transfer 
will not stop when 
the con- 


tents of the TC register 
reach zero. 


00 No synchronization. 


NOTE: 


When 
unsynchronized 
transfers 
are 


specified, 
the TC bit will be ignored 


and the ST bit will be cleared 
upon 


the 
transfer 
count 
reaching 
zero, 


stopping 
the channel. 


01 Source 
synchronization. 


10 Destination 
synchronization. 


11 Unused. 


SOURCE:INC 
Increment 
source 
pointer 
by 1 or 2 


(depends 
on S/W) 
after 
each 
trans- 


fer. 


M/IO 
Source pointer is in M/IO space (1/0). 


DEC Decrement 
source 
pointer 
by 1 or 2 


(depends 
on S/W) 
after 
each 
trans- 


fer. 


INC Increment 
destination 
pointer 
by 1 or 


2 (S/W) 
after each transfer. 


M/IO 
Destination 
pointer 
is in M/IO 
space 


(1/0). 


DEC Decrement 
destination 
pointer 
by 1 


or 2 (depending 
on S/W) 
after each 


transfer. 


Channel 
priority-relative 
to 
other 


channel. 
o low priority. 


1 high priority. 


Channels 
will alternate 
cycles 
if both 


set at same priority 
level. 


0: Disable 
DMA 
requests 
from 


timer 2. 


1: Enable 
DMA 
requests 
from 


timer 2. 


Bit 3 
Bit 3 is not used. 


If both 
INC and 
DEC 
are 
specified 
for the 
same 


pointer, 
the pointer 
will remain 
constant 
after 
each 


cycle. 


Each 
DMA 
Channel 
Control 
Word 
determines 
the 


mode 
of operation 
for 
the 
particular 
81086 
DMA 


channel. 
This register 
specifies: 


• 
the mode of synchronization; 


• 
whether 
bytes or words will be transferred; 


• 
whether 
interrupts 
will be generated 
after the last 


transfer; 


• 
whether 
DMA 
activity 
will 
cease 
after 
a 
pro- 


grammed 
number 
of DMA cycles; 


• 
the relative 
priority 
of the DMA channel 
with re- 


spect to the other DMA channel; 


• 
whether 
the source 
pointer 
will be incremented, 
decremented, 
or maintained 
constant 
after each 


transfer; 


• 
whether 
the source pointer addresses 
memory or 


I/O space; 


• 
whether 
the destination 
pointer will be increment- 


ed, 
decremented, 
or maintained 
constant 
after 


each transfer; 
and 


• 
whether 
the 
destination 
pointer 
will 
address 


memory 
or I/O space. 


The DMA channel 
control 
registers 
may be changed 


while the channel 
is operating. 
However, 
any chang- 
es made during operation 
will affect the current 
DMA 


transfer. 


S/W: 


ST/STOP: 


CHGINOCHG: 


Byte/Word 
(0/1) 
Transfers. 


Start/stop 
(1/0) 
Channel. 


Change/Do 
not 
change 
(1/0) 


ST /STOP 
bit. If this bit is set when 


writi~ 
the 
control 
word, 
the 


ST /STOP 
bit will be programmed 


by the write to the control 
word. If 


this bit is cleared 
when writing the 


control 
word, the ST /STOP 
bit will 


not 
be 
altered. 
This 
bit 
is 
not 


stored; 
it will 
always 
be a 0 on 


read. 


Enable 
Interrupts 
to 
CPU 
on 


Transfer 
Count termination. 
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Registers 


Each DMA channel maintains a 20-bit source and a 
20-bit destination pointer. Each of these pointers 
takes up two full 16-bit registers in the peripheral 
control block. The lower four bits of the upper regis- 
ter contain the upper four bits of the 20-bit physical 
address (see Figure 18). These pointers may be indi- 
vidually incremented or decremented after each 
transfer. If word transfers are performed the pointer 
is incremented or decremented by two. Each pointer 
may point into either memory or I/O space. Since 
the DMA channels can perform transfers to or from 
odd addresses, there is no restriction on values for 
the pointer registers. Higher transfer rates can be 
obtained if all word transfers are Performed to even 
addresses, since this will allow data to be accessed 
in a single memory access. 


DMA Transfer 
Count Register 


Each DMA channel maintains a 16-bit transfer count 
register (TC). This register is decremented after ev- 
ery DMA cycle, regardless of the state of the TC bit 
in the DMA Control Register. If the TC bit in the DMA 
control word is set or if unsynchronized transfers are 
programmed, however, DMA activity will terminate 
when the transfer count register reaches zero. 


Data transfers may be either source or destination 
synchronized, that is either the source of the data or 


transfer. In addition, DMA transfers may be unsyn- 
chronized; that is, the transfer will take place contin- 
ually until the correct number of transfers has oc- 
curred. When source or unsynchronized transfers 
are performed, the DMA channel may begin another 
transfer immediately after the end of a previous 
DMA transfer. This allows a complete transfer to 
take place every 2 bus cycles or eight clock cycles 
(assuming no wait states). No prefetching occurs 
when source synchronized or unsynchronized trans- 
fers are performed, however. Data will 
not be 


fetched from the source address until the destina- 
tion device signals that it is ready to receive it. When 
destination synchronized transfers are requested, 
the DMA controller will relinquish control of the bus 
after every transfer. If no other bus activity is initiat- 
ed, another DMA cycle will begin after two processor 
clocks. This is done to allow the destination device 
time to remove its request if another transfer is not 
desired. Since the DMA controller will relinquish the 
bus, the CPU can initiate a bus cycle. As a result, a 
complete bus cycle will often be inserted between 
destination synchronized transfers. These lead to 
the maximum DMA transfer rates shown in Table 14. 


Table 
14. Maximum 
DMA Transfer 


Rates 
@ 10 MHz 


Type of 
Synchronization 
CPU Running 
CPUHaited 


Selected 


Unsynchronized 
2.5MBytes/sec 2.5MBytes/sec 


SourceSynch. 
2.5MBytes/sec 2.5MBytes/sec 


DestinationSynch. 1.7MBytes/sec 2.0MBytes/sec 


HIGHER 


REGISTER 
ADDRESS 


LOWER 


REGISTER 
ADDRESS 


xxx 
XXX 
XXX 
A19-A16 


A15-A12 
A11-AB 
A7-A4 
A3-AO 


No explicit DMA acknowledge pulse is provided. 
Since both source and destination pointers are 
maintained, a read from a requesting source, or a 
write to a requesting destination, should be used as 
the DMA acknowledge signal. Since the chip-select 
lines can be programmed to be active for a given 
block of memory or I/O space, and the DMA point- 
ers can be programmed to point to the same given 
block, a chip-select line could be used to indicate a 
DMA acknowledge. 


DMA Priority 


The DMA channels may be programmed such that 
one channel is always given priority over the other, 
or they may be programmed such as to alternate 
cycles when both have DMA requests pending. DMA 
cycles always have priority over internal CPU cycles 
except between locked memory accesses or word 
accesses to odd memory locations; however, an ex- 
ternal bus hold takes priority over an internal DMA 
cycle. Because an interrupt request cannot suspend 
a DMA operation and the CPU cannot access mem- 
ory during a DMA cycle, interrupt latency time will 
suffer during sequences of continuous DMA cycles. 
An NMI request, however, will cause all internal 
DMA activity to halt. This allows the CPU to quickly 
respond to the NMI request. 


DMA Programming 


DMA cycles will occur whenever the ST/STOP bit of 
the Control Register is set. If synchronized transfers 


are programmed, a DRO must also have been gen- 
erated. Therefore the source and destination trans- 
fer pointers, and the transfer count register (if used) 
must be programmed before this bit is set. 


Each DMA register may be modified while the chan- 
nel is operating. If the CHG/NOCHG bit is cleared 
when the control register is written, the ST/STOP bit 
of the control register will not be modified by the 
write. If multiple channel registers are modified, it is 
recommended that a LOCKED string transfer be 
used to prevent a DMA transfer from occurring be- 
tween updates to the channel registers. 


Upon RESET, the DMA channels will perform the 
following actions: 
• The Start/Stop bit for each channel will be reset 
to STOP. 


• Any transfer in progress is aborted. 


The 80186 provides three internal 16-bit program- 
mable timers (see Figure 19). Two of these are high· 
Iy flexible and are connected to four external pins (2 
per timer). They can be used to count external 
events, time external events, generate nonrepetitive 
waveforms, etc. The third timer is not connected to 
any external pins, and is useful for real-time coding 
and time delay applications. In addition, this third 
timer can be used as a prescaler to the other two, or 
as a DMA request source. 


inter 


Timer Operation 


The timers are controlled by 11 16-bit registers in 
the internal peripheral control block. The configura- 
tion of these registers is shown in Table 15. The 
count register contains the current value of the tim- 
er. It can be read or written at any time independent 
of whether the timer is running or not. The value of 
this register will be incremented for each timer 
event. Each of the timers is equipped with a MAX 
COUNT register, which defines the maximum count 
the timer will reach. After reaching the MAX COUNT 
register value, the timer count value will reset to zero 
during that same clock, Le., the maximum count val- 
ue is never stored in the count register itself. Timers 
o and 1 are, in addition, equipped with a second 
MAX COUNT register, which enables the timers to 
alternate their count between two different MAX 
COUNT values programmed by the user. If a single 
MAX COUNT register is used, the timer output pin 
will switch LOW for a single clock, 1 clock after the 
maximum count value has been reached. In the dual 
MAX COUNT register mode, the output pin will indi- 
cate which MAX COUNT register is currently in use, 
thus allowing nearly complete freedom in selecting 
waveform duty cycles. for the timers with two MAX 
COUNT registers, the RIU bit in the control register 
determines which is used for the comparison. 


Each timer gets serviced every fourth CPU-clock cy- 
cle, and thus can operate at speeds up to one-quar- 
ter the internal clock frequency (one-eighth the crys- 
tal rate). External clocking of the timers may be done 
at up to a rate of one-quarter of the internal CPU- 
clock rate (2 MHz for an 8 MHz CPU clock). Due to 
internal synchronization and pipelining of the timer 
circuitry, a timer output may take up to 6 clocks to 
respond to any individual clock or gate input. 


Since the count registers and the maximum count 
registers are all 16 bits wide, 16 bits of resolution are 
provided. Any Read or Write access to the timers will 
add one wait state to the minimum four-clock bus 
cycle, however. This is needed to synchronize and 
coordinate the internal data flows between the inter- 
nal timers and the internal bus. 


The timers have several programmable options. 


• All three timers can be set to halt or conlinue on 


a terminal count. 


• Timers 0 and 1 can select between internal and 


external clocks, alternate between MAX COUNT 
registers and be set to retrigger on external 
events. 


• The timers may be programmed to cause an in- 


terrupt on terminal count. 


These options are selectable via the timer model 
control word. 


Timer Mode/Control 
Register 


The mode/control 
register (see Figure 20) allows 


the user to program the specific mode of operation 
or check the current programmed status for any of 
the three integrated timers. 


Table 15. Timer Control 
Block Format 


Register 
Name 
Register 
Offset 


Tmr.O 
Tmr.1 
Tmr.2 


Mode/Control Word 
56H 
5EH 
66H 


Max Count B 
54H 
5CH 
not present 


Max Count A 
52H 
5AH 
62H 


Count Register 
50H 
58H 
60H 


1 
0 


ALT 
I CONT I 


The ALT bit determines which of two MAX COUNT 
registers is used for count comparison. If ALT = 0, 
register A for that timer is always used, while if ALT 
= 1, the comparison will alternate between register 
A and register B when each maximum count is 
reached. This alternation allows the user to change 
one MAX COUNT register while the other is being 
used, and thus provides a method of generating 
non-repetitive waveforms. Square waves and pulse 
outputs of any duty cycle are a subset of available 
signals obtained by not changing the final count reg- 
isters. The ALT bit also determines the function of 
the timer output pin. If ALT is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count is reached. If ALT is one, the output pin will 
reflect the current MAX COUNT register being used 
(011 for BI A). 


Setting the CaNT bit causes the associated timer to 
run continuously, while resetting it causes the timer 
to halt upon maximum count. If COUNT = 0 and 
ALT = 1, the timer will count to the MAX COUNT 
register A value, reset, count to the register B value, 
reset, and halt. 


The external bit selects between internal and exter- 
nal clocking for the timer. The external signal may 
be asynchronous with respect to the 80186 clock. 
If this bit is set, the timer will count LOW-to-HIGH 
transitions on the input pin. If cleared, it will count an 
internal clock while using the input pin for control. In 
this mode, the function of the external pin is defined 
by the RTG bit. The maximum input to output tran- 
sition latency time may be as much as 6 clocks. 
However, clock inputs may be pipelined as closely 
together as every 4 clocks without losing clock puls- 
es. 


The prescaler bit is ignored unless internal clocking 
has been selected (EXT = 0). If the P bit is a zero, 
the timer will count at one-fourth the internal CPU 
clock rate. If the P bit is a one, the output of timer 2 
will be used as a clock for the timer. Note that the 
user must initialize and start timer 2 to obtain the 
prescaled clock. 


Retrigger bit is only active for internal clocking (EXT 
= 0). In this case it determines the control function 
provided by the input pin. 


If RTG = 0, the input level gates the internal clock 
on and off. If the input pin is HIGH, the timer will 
count; if the input pin is LOW, the timer will hold its 
value. As indicated previously, the input signal may 
be asynchronous with respect to the 80186 clock. 


When RTG = 1, the input pin detects LOW-to-HIGH 
transitions. The first such transition starts the timer 
running, clearing the timer value to zero on the first 
clock, and then incrementing thereafter. Further 
transitions on the input pin will again reset the timer 
to zero, from which it will start counting up again. If 
CaNT = 0, when the timer has reached maximum 
count, the EN bit will be cleared, inhibiting further 
timer activity. 


The enable bit provides programmer control over 
the timer's RUN/HAL T status. When set, the timer is 
enabled to increment subject to the input pin con- 
straints in the internal clock mode (discussed previ- 
ously). When cleared, the timer will be inhibited from 
counting. All input pin transistions during the time EN 
is zero will be ignored. If CaNT is zero, the EN bit is 
automatically cleared upon maximum count. 


The inhibit bit allows for selective updating of the 
enable (EN) bit. If INH is a one during the write to the 
model control word, then the state of the EN bit will 
be modified by the write. If INH is a zero during the 
write, 
the 
EN 
bit 
will 
be 
unaffected 
by 
the 


operation.This bit is not stored; it will always be a 0 
on a read. 


When set, the INT bit enables interrupts from the 
timer, which will be generated on every terminal 
count. If the timer is configured in dual MAX COUNT 
register mode, an interrupt will be generated each 
time the value in MAX COUNT register A is reached, 
and each time the value in MAX COUNT register B is 
reached. If this enable bit is cleared after the inter- 
rupt request has been generated, but before a pend- 
ing interrupt is serviced, the interrupt request will still 
be in force. (The request is latched in the Interrupt 
Controller). 


The Maximum Count bit is set whenever the timer 
reaches its final maximum count value. If the timer is 
configured in dual MAX COUNT register mode, this 
bit will be set each time the value in MAX COUNT 
register A is reached, and each time the value in 
MAX COUNT register B is reached. This bit is set 
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MC bit gives the user the ability to monitor timer 
status through software instead of through inter- 
rupts. 


The 
Register 
In Use bit 
indicates which 
MAX 


COUNT register is currently being used for compari- 
son to the timer count value. A zero value indicates 
register A. The RIU bit cannot be written, Le., its 
value is not affected when the control register is writ- 
ten. It is always cleared when the ALT bit is zero. 


Not all mode bits are provided for timer 2. Certain 
bits are hardwired as indicated below: 


Count Registers 


Each of the three timers has a 16-bit count register. 
The current contents of this register may be read or 
written by the processor at any time. If the register is 
written into while the timer is counting,the new value 
will take effect in the current count cycle. 


Max Count Registers 


Timers 0 and 1 have two MAX COUNT registers 
while timer 2 has a single MAX COUNT register: 
These contain the number of events the timer will 
count. In timers 0 and 1, the MAX COUNT register 
used can alternate between the two max count val- 
ues 
whenever 
the 
current 
maximum count 
is 


reached. The condition which causes a timer to re- 
set is equivalent between the current count value 
and the max count being used. This means that if 
the count is changed to be above the max count 
value, or if the max count value is changed to be 
below the current value, the timer will not reset to 
zero, but rather will count to its maximum value, 
"wrap around" to zero, then count until the max 
count is reached. 


Upon RESET, the Timers will perform the following 
actions: 


• All EN (Enable) bits are reset preventing timer 


counting. 
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lects MAX COUNT register A, resulting in the 
Timer Out pins going HIGH upon RESET. 


The 80186 can receive interrupts from a number of 
sources, both internal and external. The internal in- 
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 


Internal interrupt sources (Timers and DMA chan- 
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
80186 interrupt controller has its own control regis- 
ter that set the mode of operation for the controller. 


The interrupt controller will resolve priority among 
requests that are pending simultaneously. Nesting is 
provided so interrupt service rountines for lower pri- 
ority interrupts may themselves be interrupted by 
higher priority interrupts. A block diagram of the in- 
terrupt controller is shown in Figure 21. 


The 80186 has a special slave mode in which the 
internal interrupt controller acts as a slave to an ex- 
ternal master. The controller is programmed into this 
mode by setting bit 14 in the peripheral control block 
relocation register. (See Slave Mode section.) 


For external interrupt sources, five dedicated pins 
are provided. One of these pins is dedicated to NMI 
non-maskable interrupt. This is typically used fo; 
power-fail interrupts, etc. The other four pins may 
function either as four interrupt input lines with inter- 
nally generated interrupt vectors, as an interrupt line 
and an interrupt acknowledge line (called the "cas- 
cade mode") along with two other input lines with 
internally generated interrupt vectors, or as two in- 
terrupt input lines and two dedicated interrupt ac- 
knowledge output lines. When the interrupt lines are 
configured in cascade mode, the 80186 interrupt 
controller will not generate internal interrupt vectors. 


External sources in the cascade mode use external- 
ly generated interrupt vectors. When an interrupt is 
acknowledged, two INTA cycles are initiated and the 
vector is read into the 80186 on the second cycle. 
The capability to interface to external 8259A pro- 
grammable interrupt controllers is thus provided 
when the inputs are configured in cascade mode. 


Interrupt 
Controller 
Modes of 


Operation 


The basic modes of operation of the interrupt con- 
troller in master mode are similar to the 8259A. The 
interrupt controller responds indentically to internal 
interrupts in all three modes: the difference is only in 
the interpretation of function of the four external in- 
terrupt pins. The interrupt controller is set into one of 
these three modes by programming the correct bits 
in the INTOand INT1 control registers. The modes of 
interrupt controller operation are as follows: 


Fully Nested 
Mode 


When in the fully nested mode four pins are used as 
direct interrupt requests as in Figure 22. The vectors 
for these four inputs are generated internally. An in- 
service bit is provided for every interrupt source. If a 
lower-priority device requests an interrupt while the 
in service bit (IS) is set, no interrupt will be generat- 
ed by the interrupt controller. In addition, if another 
interrupt request occurs from the same interrupt 
source while the in-service bit is set, no interrupt will 
be generated by the interrupt controller. This allows 
interrupt service routines to operate with interrupts 
enabled without being themselves interrupted by 
lower-priority interrupts. Since interrupts are en- 
abled, higher-priority interrupts will be serviced. 


When a service routine is completed, the proper IS 
bit must be reset by writing the proper pattern to the 
EOI register. This is required to allow subsequent 
interrupts from this interrupt source and to allow 
servicing of lower-priority interrupts. An EOI com- 
mand is issued at the end of the service routine just 
before the issuance of the return from interrupt in- 


struction. If the fully nested structure has been up- 
held, the next highest-priority source with its IS bit 
set is then serviced. 


Cascade 
Mode 


The 80186 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the 
four pins are used as direct interrupt inputs and the 
corresponding vectors are generated internally. In 
the cascade mode, the four pins are configured into 
interrupt input-dedicated acknowledge signal pairs. 
The interconnection is shown in Figure 23. INTO is 
an interrupt input interfaced to an 8259A, while 
INT2/INTAO serves as the dedicated interrupt ac- 
knowledge signal to that peripheral. The same is 
true for INT1 and INT3/INTA1. Each pair can selec- 
tively be placed in the cascade or non-cascade 
mode by programming the proper value into INTO 
and INT1 control registers. The use of the dedicated 
acknowledge signals eliminates the need for the use 
of external logic to generate INTA and device select 
signals. 


The primary cascade mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 8259As. Three 
levels of priority are created, requiring priority resolu- 
tion in the 80186 interrupt controller, the master 
8259As, and the slave 8259As. If an external inter- 
rupt is serviced, one IS bit is set at each of these 
levels. When the interrupt service routine is complet- 
ed, up to three end-of-interrupt commands must be 
issued by the programmer. 


Figure 21. Interrupt 
Controller 
Block Diagram 
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Figure 22. Fully Nested 
(Direct) 
Mode Interrupt 


Controller 
Connections 


Special 
Fully Nested 
Mode 


This 
mode 
is entered 
by setting 
the 
SFNM 
bit in 


INTO or INT1 control 
register. 
It enables 
complete 


nestability 
with 
external 
8259A 
masters. 
Normally, 
an interrupt 
request 
from an interrupt 
source will not 
be 
recognized 
unless 
the 
in-service 
bit 
for 
that 


source 
is reset. If more than one interrupt 
source 
is 


connected 
to an external 
interrupt 
controller, 
all of 


the 
interrupts 
will 
be funneled 
through 
the 
same 


80186 
interrupt 
request 
pin. As a result, if the exter- 


nal interrupt 
.controller 
receives 
a higher-priority 
in- 


terrupt, 
its interrupt 
will 
not 
be recognized 
by the 


80186 
controller 
until the 80186 
in-service 
bit is re- 


set. In special fully nested mode, the 80186 interrupt 
controller 
will allow 
interrupts 
from 
an external 
pin 


regardless 
of the 
state 
of the 
in-service 
bit for an 


interrupt 
source 
in order to allow 
multiple 
interrupts 


from a single pin. An in-service 
bit will continue 
to be 


set, however, 
to inhibit 
interrupts 
from other 
lower- 
priority 80186 
interrupt 
sources. 


Special 
procedures 
should 
be followed 
when reset- 


ting IS bits at the end of interrupt 
service 
routines. 
Software 
polling 
of the external 
master's 
IS register 


is required 
to determine 
if there is more than one bit 


set. If so, the IS bit in the 80186 
remains 
active and 


the next interrupt 
service 
routine 
is entered. 


The controller 
may be used in a polled mode if inter- 


rupts are undesirable. 
When 
polling, 
the processor 


disables 
interrupts 
and then polls the interrupt 
con- 


troller whenever 
it is convenient. 
Polling the interrupt 


controller 
is accomplished 
by reading 
the Poll Word 


(Figure 
32). Bit 15 in the poll word 
indicates 
to the 


processor 
that an interrupt 
of high enough 
priority 
is 


requesting 
service. 
Bits 0-4 
indicate 
to the proces- 
sor the type vector 
of the highest-priority 
source 
re- 


questing 
service. 
Reading 
the Poll Word causes 
the 


In-Service 
bit of the highest priority source to be set. 


It is desirable 
to be able to read the Poll Word infor- 


mation without 
guaranteeing 
service 
of any pending 


interrupt, 
I.e., not set the indicated 
in-service 
bit. The 


80186 provides 
a Poll Status Word in addition 
to the 


conventional 
Poll Word to allow this to be done. Poll 


Word 
information 
is duplicated 
in the 
Poll 
Status 


Word, but reading the Poll Status Word does not set 
the associated 
in-service 
bit. These words are locat- 


ed in two adjacent 
memory 
locations 
in the register 


file. 


Programmable 
Priority 


The user can program 
the interrupt 
sources 
into any 


of eight different 
priority 
levels. The programming 
is 


done by placing a 3-bit priority level (0-7) 
in the con- 


trol register 
of each interrupt 
source. 
(A source 
with 


a priority level of 4 has higher priority over all priority 
levels from 5 to 7. Priority registers 
containing 
values 
lower 
than 
4 
h,ave greater 
priority). 
All 
interrupt 


sources 
have preprogrammed 
default 
priority 
levels 


(see Table 4). 


If two requests 
with the same 
programmed 
priority 


level 
are 
pending 
at 
once, 
the 
priority 
ordering 


scheme 
shown 
in Table 
4 is used. 
If the serviced 


interrupt 
routine 
reenables 
interrupts, 
it allows 
other 


requests 
to be serviced. 


End-of-Interrupt 
Command 


The end-of-interrupt 
(EO I) command 
is used by the 


programmer 
to reset the In-Service 
(IS) bit when an 


interrupt 
service 
routine is completed. 
The EOI com- 


mand is issued 
by writing 
the proper 
pattern 
to the 


EOI register. There are two types of EOI commands, 
specific 
and nonspecific. 
The nonspecific 
command 


does not specify which 
IS bit is reset. When 
issued, 


the interrupt 
controller 
automatically 
resets the IS bit 


of the highest 
priority 
source 
with an active 
service 


routine. 
A specific 
EOI command 
requires 
that 
the 


programmer 
send the interrupt 
vector 
type to the in- 


terrupt 
controller 
indicating 
which 
source's 
IS bit is 


to be reset. 
This command 
is used when 
the fully 


nested 
structure 
has been disturbed 
or the highest 


priority 
IS bit that 
was set does 
not belong 
to the 


service 
routine 
in progress. 


Trigger 
Mode 


The four external 
interrupt 
pins can be programmed 


in either 
edge- 
or level-trigger 
mode. 
The 
control 


register 
for each external 
source 
has a level-trigger 


inter 


mode (LTM) bit. All interrupt inputs are active HIGH. 
In the edge sense mode or the level-trigger mode, 
the interrupt request must remain active (HIGH) until 
the interrupt request is acknowledged by the-80186 
CPU. In the edge-sense mode, if the level remains 
high after the interrupt is acknowledged, the input is 
disabled and no further requests will be generated. 
The input level must go LOW for at least one clock 
cycle to reenable the input. In the level-trigger mode, 
no such provision is made: holding the interrupt input 
HIGH will cause continuous interrupt requests. 


Interrupt 
Vectoring 


The 80186 Interrupt Controller will generate interrupt 
vectors for the integrated DMA channels and the in- 
tegrated Timers. In addition, the Interrupt Controller 
will generate interrupt vectors for the external inter- 
rupt lines if they are not configured in Cascade or 
Special Fully Nested Mode. The interrupt vectors 
generated are fixed and cannot be changed (see Ta- 
ble 4). 


The Interrupt Controller register model is shown in 
Figure 24. It contains 15 registers. All registers can 
both be read or written unless specified otherwise. 


In-Service 
Register 


This register can be read from or written into. The 
format is shown in Figure 25. It contains the In-Serv- 
ice bit for each of the interrupt sources. The In-Serv- 
ice bit is set to indicate that a source's service rou- 
tine is in progress. When an In-Service bit is set, the 
interrupt controller will not generate interrupts to the 


CPU when it receives interrupt requests from devic- 
es with a lower programmed priority level. The TMR 
bit is the In-Service bit for all three timers; the DO 
and D1 bits are the In-Service bits for the two DMA 
channels; the 10-13 are the In-Service bits for the 
external interrupt pins. The IS bit is set when the 
processor acknowledges an interrupt request either 
by an interrupt acknowledge or by reading the poll 
register. The IS bit is reset at the end of the interrupt 
service routine by an end-of-interrupt command is- 
sued by the CPU. 


Interrupt 
Request 
Register 


The internal interrupt sources have interrupt request 
bits inside the interrupt controller. The format of this 
register is shown in Figure 25. A read from this regis- 
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt requests. DOand D1 
are the interrupt request bits for the DMA channels. 


The state of the external interrupt input pins is also 
indicated. The state of the external interrupt pins is 
not a stored condition inside the interrupt controller, 
therefore the external interrupt bits cannot be writ- 
ten. The external interrupt request bits show exactly 
when an interrupt request is given to the interrupt 
controller, so if edge-triggered mode is selected, the 
bit in the register will be HIGH only after an inactive- 
to-active transition. For internal interrupt sources, 
the register bits are set when a request arrives and 
are reset when the processor acknowledges the re- 
quests. 


Writes to the interrupt request register will affect the 
DO and D1 interrupt request bits. Setting either bit 
will cause the corresponding interrupt request while 
clearing either bit will remove the corresponding in- 
terrupt request. All other bits in the register are read- 
only. 
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Figure 23. Cascade 
and Special Fully Nested 
Mode Interrupt 
Controller 
Connections 
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Mask 
Register 


This is a 16-bit register 
that contains 
a mask bit for 
each interrupt 
source. 
The format 
for this register 
is 
shown 
in Figure 
25. A one 
in a bit position 
corre- 
sponding 
to a particular 
source 
serves 
to mask the 
source 
from generating 
interrupts. 
These 
mask bits 
are the exact 
same bits which 
are used in the indi- 
vidual control 
registers; 
programming 
a mask bit us- 
ing the mask register 
will also change 
this bit in the 
individual 
control 
registers, 
and vice versa. 


INT3 CONTROL 
REGISTER 


INT2 CONTROL 
REGISTER 


INT1 CONTROL 
REGISTER 


INTO CONTROL 
REGISTER 


DMA 
1 CONTROL 
REGISTER 


DMA 0 CONTROL 
REGISTER 


TIMER 
CONTROL 
REGISTER 


INTERRUPT 
STATUS 
REGIST,ER 


INTERRUPT 
REQUEST 
REGISTER 


IN-SERVICE 
REGISTER 


PRIORITY 
MASK 
REGISTER 


MASK 
REGISTER 


POLL STATUS 
REGISTER 


POLL REGISTER 


EOI REGISTER 


OFFSET 


3EH 


Figure 
24. Interrupt 
Controller 
Registers 
(Master 
Mode) 
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Priority 
Mask 
Register 


This register is used to mask all interrupts 
below par- 
ticular interrupt 
priority levels. The format 
of this reg- 
ister is shown 
in Figure 
26. The code 
in the lower 
three bits of this register 
inhibits interrupts 
of priority 
lower (a higher priority number) 
than the code speci- 
fied. 
For 
example, 
100 
written 
into 
this 
register 
masks 
interrupts 
of level five 
(101), 
six (110), 
and 
seven 
(111). 
The 
register 
is reset 
to seven 
(111) 
upon 
RESET 
so no interrupts 
are masked 
due to 
priority 
number. 


Interrupt 
Status 
Register 


This 
register 
contains 
general 
interrupt 
controller 
status 
information. 
The 
format 
of 
this 
register 
is 
shown 
in Figure 
27. The bits in the status 
register 
have the following 
functions: 


DHL T: DMA 
Halt Transfer; 
setting 
this bit halts 
all 
DMA transfers. 
It is automatically 
set when- 
ever a non-maskable 
interrupt 
occurs, 
and it 
is reset when an IRET instruction 
is execut- 
ed. The purpose 
of this bit is to allow prompt 
service 
of all non-maskable 
interrupts. 
This 
bit may also be set by the programmer. 


IRTx: 
These three bits represent 
the individual 
tim- 
er interrupt 
request 
bits. These bits are used 
to differentiate 
the timer interrupts, 
since the 
timer IR bit in the interrupt 
request 
register 
is 
the 
"OR" 
function 
of all timer 
interrupt 
re- 
quest. 
Note 
that 
setting 
anyone 
of these 
three bits initiates an interrupt 
request 
to the 
interrupt 
controller. 
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Figure 
27. Interrupt 
Status 
Register 
Format 
(Master 
Mode) 
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Figure 28. Tlmer/DMA 
Control 
Registers 
Formats 
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Figure 29. INTO/INT1 
Control 
Register 
Formats 
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Figure 30. INT2/1NT3 
Control 
Register 
Formats 


Timer, 
DMA 0,1; 
Control 
Register 


These registers are the control words for all the in- 
ternal interrupt sources. The format for these regis- 
ters is shown in Figure 28. The three bit positions 
PRO,PR1, and PR2 represent the programmable pri- 
ority level of the interrupt source. The MSK bit inhib- 
its interrupt requests from the interrupt source. The 
MSK bits in the individual control registers are the 
exact same bits as are in the Mask Register; modify- 
ing them in the individual control registers will also 
modify them in the Mask Register, and vice versa. 


INTO-INT3 
Control 
Registers 


These registers are the control words for the four 
external input pins. Figure 29 shows the format of 
the INTO and INT1 Control registers; Figure 30 
shows the format of the INT2 and INT3 Control reg- 
isters. In cascade mode or special fully nested 
mode, the control words for INT2 and INT3 are not 
used. 


The bits in the various control registers are encoded 
as follows: 
PRO-2: Priority programming information. Highest 


Priority = 000, Lowest Priority = 111 


LTM: 
Level-trigger mode bit. 1 = level-triggered; 
o = edge-triggered. Interrupt Input levels 
are active high. In level-triggered mode, an 
interrupt is generated whenever the exter- 
nal line is high. In edge-triggered mode, an 
interrupt will be generated only when this 


MSK: 


C: 


level is preceded by an inactive-to-active 
transition on the line. In both cases, the 
level must remain active until the interrupt 
is acknowledged. 
Mask bit, 1 = mask; 0 = non-mask. 


Cascade mode bit, 1 = cascade; 0 = di- 
rect 
Special fully nested mode bit, 1 = SFNM 


EOI Register 


The end of the interrupt register is a command regis- 
ter which can only be written into. The format of this 
register is shown in Figure 31. It initiates an EOI 
command when written to by the 80186 CPU. 


The bits in the EOI register are encoded as follows: 
Sx: 
Encoded information that specifies an in- 
terrupt source vector type as shown in Ta- 
ble 4. For example, to reset the In-Service 
bit for DMA channel 0, these bits should be 
set to 01010, since the vector type for DMA 
channel 0 is 10. 


NOTE: 


To reset the single In-Service bit for any of 
the three timers, the vector type for timer 0 
(8) should be written in this register. 


inter 


NSPEC/: A bit that determines the type of EOI com- 
SPEC 
mand. Nonspecific = 1, Specific = o. 


Poll and Poll Status 
Registers 


These registers contain polling information. The for- 
mat of these registers is shown in Figure 32. They 
can only be read. Reading the Poll register consti- 
tutes a software poll. This will set the IS bit of the 
highest priority pending interrupt. Reading the poll 
status register will not set the IS bit of the highest 
priority pending interrupt; only the status of pending 
interrupts will be provided. 


Encoding of the Poll and Poll Status register bits are 
as follows: 
Sx: 
Encoded information that indicates the 
vector type of the highest priority inter- 
rupting source. Valid only when INTREQ 
= 1. 


INTREQ: This bit determines if an interrupt request 


is present. Interrupt Request = 1; no In- 
terrupt Request = O. 


When slave mode is used, the internal 80186 inter- 
rupt controller will be used as a slave controller to an 
external master interrupt controller. The internal 
80186 resources will be monitored by the internal 
interrupt controller, 
while the external controller 


functions as the system master interrupt controller. 
Upon reset, the 80186 will be in master mode. To 
provide for slave mode operation bit 14 of the relo- 
cation register should be set. 


Because of pin limitations caused by the need to 
interface to an external 8259A master, the internal 
interrupt controller will no longer accept external in- 
puts. There are however, enough 80186 interrupt 
controller inputs (internally) to dedicate one to each 
timer. In this mode, each timer interrupt source has 
its own mask bit, IS bit, and control word. 


In slave mode each peripheral must be assigned a 
unique priority to ensure proper interrupt controller 
operation. Therefore, it is the programmer's respon- 
sibility to assign correct priorities and initialize inter- 
rupt control registers before enabling interrupts. 


These level assignments must remain fixed in the 
iRMX 86 mode of operation. 


The configuration of the 80186 with respect to an 
external 8259A master is shown in Figure 33. The 
INTO(pin 45) input is used as the 80186 CPU inter- 
rupt input. INT3 (pin 41) functions as an output to 
send the 80186 slave-interrupt-request to one of the 
8 master-PIC-inputs. 
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(45) 


INTO 


CPU 


INT2 
(42) 


80186 


INT1 
(44) 


PIC 


(41) 


_INTERRUPT 
SOURCES 
::== OR OTHER SLAVES 
---- 


CASCADE 
ADDRESS 
DECODER 


Correct master-slave interface requires decoding of 
the slave addresses (CASO-2).Slave 8259As do this 
internally. Because of pin limitations, the 80186 
slave address will have to be decoded externally. 
INT1 (pin 44) is used as a slave-select input. Note 
that the slave vector address is transferred internal- 
ly, but the READY input must be supplied externally. 


INT2 (pin 42) is used as an acknowledge output, 
suitable to drive the INTA input of an 8259A. 


Slave mode operation allows nesting of interrupt re- 
quests. When an interrupt is acknowledged, the pri- 
ority logic masks off all priority levels except those 
with equal or higher priority. 


Vector generation in slave mode is exactly like that 
of an 8259A slave. The interrupt controller gener- 
ates an 8-bit vector which the CPU multiplies by four 
and uses as an address into a vector table. The sig- 
nificant five bits of the vector are user-programma- 
ble while the lower three bits are generated by the 
priority logic. These bits represent the encoding of 
the priority level requesting service. The significant 
five bits of the vector are programmed by writing to 
the Interrupt Vector register at offset 20H. 


In slave mode the specific EOI command operates 
to reset an in-service bit of a specific priority. The 
user supplies a 3-bit priority-level value that points to 
an in-service bit to be reset. The command is exe- 
cuted by writing the correct value in the Specific EOI 
register at offset 22H. 


Interrupt Controller 
Registers 


in the Slave Mode 


All control and command registers are located inside 
the internal peripheral control 
block. 
Figure 34 


shows the offsets of these registers. 


End-of-Interrupt 
Register 


The end-of-interrupt register is a command register 
which can only be written. The format of this register 
is shown in Figure 35. It initiates an EOI command 
when written by the 80186 CPU. 


The bits in the EOI register are encoded as follows: 
Lx: 
Encoded value indicating the priority of the IS 
bit to be reset. 
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Figure 35. Specific 
EOI Register 
Format 
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Figure 36. In-Service, 
Interrupt 
Request, 
and Mask Register 
Format 


In-Service 
Register 


This register can be read from or written into. It con- 
tains the in-service bit for each of the internal inter- 
rupt sources. The format for this register is shown in 
Figure 36. Bit positions 2 and 3 correspond to the 
OMA channels: positions 0, 4, and 5 correspond to 
the integral timers. The source's IS bit is set when 
the processor acknowledges its interrupt request. 


Interrupt 
Request 
Register 


This register indicates which internal peripherals 
have interrupt requests pending. The format of this 
register is shown in Figure 36. The interrupt request 
bits are set when a request arrives from an internal 
source, and are reset when the processor acknowl- 
edges the request. As in master mode, DO and 01 
are read/write; all other bits are read only. 


Mask Register 


The register contains a mask bit for each interrupt 
source. The format for this register is shown in Fig- 
ure 36. If the bit in this register corresponding to a 
particular interrupt source is set, any interrupts from 
that source will be masked. These mask bits are ex- 
actly the same bits which are used in the individual 
control registers, Le., changing the state of a mask 
bit in this register will also change the state of the 
mask bit in the individual interrupt control register 
corresponding to the bit. 


Control 
Registers 


These registers are the control words for all the in- 
ternal interrupt sources. The format of these regis- 
ters is shown in Figure 37. Each of the timers and 
both of the OMA channels have their own Control 
Register. 


The bits of the Control Registers are encoded as 
follows: 
prx: 
3-bit encoded field indicating a priority level 
for the source; note that each source must be 
programmed at specified levels. 


msk: mask bit for the priority level indicated by prx 


bits. 


LEVEL 5 CONTROL REGISTER 


(TIMER 2) 


LEVEL 4 CONTROL REGISTER 
(TIMER 1) 


LEVEL 3 CONTROL REGISTER 
(OMA1) 


LEVEL 2 CONTROL REGISTER 
(OMAO) 


LEVEL 0 CONTROL REGISTER 
(TIMER 0) 


INTERRUPT STATUS REGISTER 


INTERRUPT·REQUEST 
REGISTER 


IN-SERVICE REGISTER 


PRIORITY-LEVEL 
MASK REGISTER 


MASK REGISTER 


SPECIFIC EOI REGISTER 


INTERRUPT VECTOR REGISTER 


OFFSET 


3AH 


Figure 34. Interrupt 
Controller 
Registers 


(Slave Mode) 


Interrupt 
Vector 
Register 


This register provides the upper five bits of the inter- 
rupt vector address. The format of this register is 
shown in Figure 38. The interrupt controller itself 
provides the lower three bits of the interrupt vector 
as determined by the priority level of the interrupt 
request. 


The format of the bits in this register is: 
tx: 
5-bit field indicating the upper five bits of the 
vector address. 


Priority-Level 
Mask Register 


This register indicates the lowest priority-level inter- 
rupt which will be serviced. 


The encoding of the bits in this register is: 
mx: 
3-bit encoded field indication priority-level val- 
ue. All levels of lower priority will be masked. 


Interrupt 
Status 
Register 


This register is defined as in master mode except 
that DHLT is not implemented. (See Figure 27). 
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Upon RESET, the interrupt controller will perform 
the following actions: 
• All SFNM bits reset to 0, implying Fully Nested 


Mode. 


• All PR bits in the various control registers set to 1. 


This places all sources at lowest priority (level 
111). 


• All LTM bits reset to 0, resulting in edge-sense 


mode. 


• All Interrupt Service bits reset to o. 
• All Interrupt Request bits reset to o. 
• All MSK (Interrupt Mask) bits set to 1 (mask). 
• All C (Cascade) bits reset to 0 (non-cascade). 
• All PRM (Priority Mask) bits set to 1, implying no 


levels masked. 


• Initialized to master mode. 


43210 
o I MSK I PA2 I PAl I PAO I 
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Figure 38. Interrupt 
Vector 
Register 
Format 
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Figure 39. Priority 
Level Mask Register 
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ADO-AD19 
ADDRESS 
BUS 


801. 


NMI 


HOLD 
DATA BUS 


MUm- 
MASTER 
SYSTEM 
BUS 


CLKOUT 


SO-!l2 
BUS CONTROL 
COMMANDS 


16 MHzo 


X2 
UCS 


AD 
cs 


RESET 
ROM 


8282 OR 
8283 
LATCH 


STB 
OE 
18 
LOW 
RAM 


CS 


inter 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


AmbientT 
emperature 
under Bias 
O·C to 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on any Pin with 
. 


Respect 
to Ground 
-1.0V 
to + 7V 


Power Dissipation 
3W 


D.C. CHARACTERISTICS 
(TA = O·Cto 
+70·C, 
Vcc = 5V ±10%) 


Applicable 
to 80186 (8 MHz), 80186-10 
(10 MHz). 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
+0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc 
+ 0.5 
V 


(All except X1 and (RES) 
. 


VIH1 
Input High Voltage 
(RES) 
3.0 
Vcc 
+ 0.5 
V 


VOL 
Output Low Voltage 
0.45 
V 
la = 2.5 mA for SO-52 
la = 2.0 mA for all other Outputs 


VOH 
Output High Voltage 
2.4 
V 
loa = -400 
jJ.A 


Icc 
Power Supply Current 
600' 
mA 
TA = -40·C 


550 
mA 
TA = O·C 


415 
mA 
TA = +70·C 


III 
Input Leakage Current 
±10 
jJ.A 
OV < VIN < VCC 


ILO 
Output 
Leakage Current 
±10 
jJ.A 
0.45V < VOUT < Vcc 


VCLO 
Clock Output Low 
0.6 
V 
la = 4.0 mA 


VCHO 
Clock Output High 
4.0 
V 
loa = -200 
jJ.A 


VCLl 
Clock Input Low Voltage 
-0.5 
0.6 
V 


VCHI 
Clock Input High Voltage 
3.9 
VCC + 1.0 
V 


CIN 
Input Capacitance 
10 
pF 


CIO 
I/O Capacitance 
20 
pF 


inter 


A.C. CHARACTERISTICS 
(TA = o·eto 
+7o·e, VCC= 5V ±10%) 


80186 Timing 
Requirements 
All Timings 
Measured 
At 1.5V Unless Otherwise 
Noted. 


80186 
80186-10 
(8 MHz) 
(10 MHz) 
Units 


Test 
Symbol 
Parameter 
Conditions 


Mln 
Max 
Mln 
Max 


TDVCL 
Data in Setup (AID) 
20 
15 
ns 


TCLDX 
Data in Hold (A/D) 
10 
8 
ns 


TARYHCH 
Asynchronous 
Ready 
20 
15 
ns 


(ARDY) Active Setup 
Time· 


TARYLCL 
ARDY 
Inactive 
Setup 
35 
25 
ns 
Time 


TCLARX 
ARDY Hold Time 
15 
15 
ns 


TARYCHL 
Asynchronous 
Ready 
15 
15 
ns 


Inactive 
Hold Time 


TSRYCL 
Synchronous 
Ready 
20 
20 
ns 
(SRDY) Transition 
Setup Time 


TCLSRV 
SRDY Transition 
15 
15 
ns 
Hold Time 


THVCL 
HOLD Setup· 
25 
20 
ns 


TINVCH 
INTR, NMI, TEST, 
25 
25 
ns 
TIM IN, Setup· 


TINVCL 
DRQO, DRQ1, Setup· 
25 
20 
ns 


TCLAV 
Address 
Valid Delay 
5 
55 
5 
44 
ns 
CL = 20-200 
pF 


TCLAX 
Address 
Hold 
10 
10 
ns 
all Outputs 


TCLAZ 
Address 
Float Delay 
TCLAX 
35 
TCLAX 
30 


(Except 
TCLTMV) 


ns 
@8&10MHz 


TCHCZ 
Command 
Lines 
45 
40 
ns 
Float Delay 


TCHCV 
Command 
Lines Valid 
55 
45 
ns 


Delay (after Float) 


TLHLL 
ALE Width 
TCLCL -35 
TCLCL -30 
ns 


TCHLH 
ALE Active 
Delay 
35 
30 
ns 


TCHLL 
ALE Inactive 
Delay 
35 
30 
ns 


TLLAX 
Address 
Hold from 
TCHCL -25 
TCHCL -20 
ns 


ALE Inactive 


TCLDV 
Data Valid Delay 
10 
44 
10 
40 
ns 


TCLDOX 
Data Hold Time 
10 
10 
ns 


TWHDX 
Data Hold after WR 
TCLCL -40 
TCLCL -34 
ns 


TcVCTV 
Control 
Active 
Delay 1 
5 
50 
5 
40 
ns 


TCHCTV 
Control 
Active 
Delay 2 
10 
55 
10 
44 
ns 


TcVCTX 
Control 
Inactive 
Delay 
5 
55 
5 
44 
ns 


TCVDEX 
DEN Inactive 
Delay 
10 
70 
10 
56 
ns 


(Non-Write 
Cycle) 


inter 


A.C. CHARACTERISTICS 
(TA = O°C to + 70°C, VCC = 5V ± 10%) (Continued) 


80186 
Master 
Interface 
Timing 
Responses 
(Continued) 


80186 
80186-10 
(8 MHz) 
(10 MHz) 
Units 


Test 
Symbol 
Parameter 
Conditions 


Mln 
Max 
Min 
Max 


TAZAL 
Address 
Float to 
0 
0 
ns 
RDActive 


TCLAL 
RD Active 
Delay 
10 
70 
10 
56 
ns 


TCLAH 
RD Inactive 
Delay 
10 
55 
10 
44 
ns 


TAHAV 
RD Inactive 
to 
TCLCL -40 
TCLCL -40 
ns 
Address 
Active 


TCLHAV 
HLDA Valid Delay 
5 
50 
5 
40 
ns 


TALAH 
RDWidth 
2TCLCL -50 
2TCLCL-46 
ns 


TWLWH 
WRWidth 
2TCLCL -40 
2TCLCL -34 
ns 


TAVAL 
Address 
Valid to 
TCLCH-25 
TCLCH-19 
ns 
ALE Low 


TCHSV 
Status Active 
Delay 
10 
55 
10 
45 
ns 


TCLSH 
Status 
Inactive 
Delay 
10 
65 
10 
50 
ns 


TCLTMV 
Timer Output 
Delay 
60 
48 
ns 
100pF 
max 


@8& 
10 MHz 


TCLAO 
Reset Delay 
60 
48 
ns 


TCHQSV 
Queue Status 
Delay 
35 
28 
ns 


TCHDX 
Status 
Hold Time 
10 
10 
ns 


TAVCH 
Address 
Valid to 
10 
10 
ns 
Clock High 


TCLLV 
LOCK Valid/Invalid 
5 
65 
5 
60 
ns 


Delay 


TCLCSV 
Chip-Select 
66 
45 
ns 


Active 
Delay 


Tcxcsx 
Chip-Select 
Hold from 
35 
35 
ns 


Command 
Inactive 


TCHCSX 
Chip-Select 
5 
35 
5 
32 
ns 


Inactive 
Delay 


TCKIN 
CLKIN 
Period 
62.5 
250 
50 
250 
ns 


TCKHL 
CLKIN 
Fall Time 
10 
10 
ns 
3.5 to 1.0V 


TCKLH 
CLKIN 
Rise Time 
10 
10 
ns 
1.0 t03.5V 


TCLCK 
CLKIN 
Low Time 
25 
20 
ns 
1.5V 


TCHCK 
CLKIN High Time 
25 
20 
ns 
1.5V 


TCICO 
CLKINto 
50 
25 
ns 


CLKOUTSkew 


TCLCL 
CLKOUT 
Period 
125 
500 
100 
500 
ns 


TCLCH 
CLKOUT 
Low Time 
'h TCLCL -7.5 
'h TCLCL -6.0 
ns 
1.5V 


TCHCL 
CLKOUT 
High Time 
'h TCLCL -7.5 
'h TCLCL- 6.0 
ns 
1.5V 


TCH1CH2 
CLKOUT 
Rise Time 
15 
12 
ns 
1.0 to 3.5V 


TCL2CL1 
CLKOUT 
Fall Time 
15 
12 
ns 
3.5to 
1.0V 


SO~AREHAlT-DT/ii 
·VOL. 
RD. WR. INTA. DEN • VOH 


IIl:I; 
TClAl/ 


IIllI 
~ 
Del 
(NOTE4l 


AD,,-ADo 
DATAOUT 


WRITE CYCLE 


iil!.INTA. 
DEN 


DT/R'VOH 
TWlWH 


Wii 


TClAZ 


AD,,-ADo 


INTA CYCLE 


DT/Ii 


iiifA 


1ii5. WIi, 8Rr ~ VOH 


TCVDEX- 


DEN 


inter 


WAVEFORMS 
(Continued) 


MAJOR 
CYCLE 
TIMING 
(Continued) 


DEN 


PeS, 
~ 
1£1l, 
ucs 
(NOTE 4) 


NOTES: 
1. Following a Write cycle, the Local Bus is floated by the 80186 only when the 80186 enters a "Hold Acknowledge" 
state. 
2. INTA occurs one clock later in slave mode. 
3. Status inactive just prior to T4. 
4. Latched A1 and A2 have same timings as PCS5 and PCS6. 


inter 


Mf. 
INT().3 
TIMERIN 


READY 
TIMING 
I 


_ 
___ 
-_111 ,~,,~ 


AROY 
A 


CLKOUT 
\. 
.r-{. 
~CL-+lr~... 


HOLD ----- 


1.015 - ADO 
DEN 
A19/56-AI6/53, 
RD,WR, 
SHE,DT/R, 
52- SO,LOCK 


r-TCLAV 


80186 


inter 


WAVEFORMS 
(Continued) 


TIMER 
ON 80186 


_ 


~_~TCLTMV 
_ 


2V2 to 61J2 CLOCKS 
- 
------------------------------' 


Since the bus interface 
unit and execution 
unit oper- 
ate 
independently, 
a determination 
of 80186 
pro- 


gram 
execution 
timing 
must consider 
both the bus 


cycles 
necessary 
to prefetch 
instructions 
as well as 


the number 
of EU cycles 
necessary 
to execute 
in- 
structions. 
The 
following 
instruction 
timings 
repre- 


sent the minimum 
execution 
time in clock cycles for 


each instruction. 
The timings given are based on the 


following 
assumptions: 


• 
The opcode, 
along with any data or displacement 


required 
for execution 
of a particular 
instruction, 
has been prefetched 
and resides 
in the queue at 


the time it is needed. 


• 
No wait states 
or bus HOLDS 
occur. 


• 
All word-data 
is located 
on even-address 
bound- 


aries. 


All instructions 
which 
involve 
memory 
accesses 
can 


also require 
one or two additional 
clocks 
above 
the 


minimum 
timings 
shown 
due 
to the 
asynchronous 


handshake 
between 
the BIU and execution 
unit. 


All jumps and calls include the time required to fetch 
the opcode 
of the next instruction 
at the destination 


address. 


With a 16-bit BIU, the 80186 
has sufficient 
bus per- 


formance 
to ensure that an adequate 
number of pre- 


fetched 
bytes will reside 
in the queue 
most 
of the 


time. Therefore, 
actual program 
execution 
will not be 


substantially 
greater 
than that 
derived 
from 
adding 


the instruction 
timings 
shown. 


inter 
80186 


INSTRUCTION 
SET SUMMARY 


Format 
Clock 
Comments 
Function 
Cycles 


DATA TRANSFER 
MOV = Move: 


Registerto Register/Memory 
1000100w 
mod reg rIm 
2/12 


Register/memoryto register 
1000101w 
mod reg rIm 
2/9 


Immediateto register/memory 
1100011 
w 
mod000 rIm 
data 
dataifw=1 
12-13 
8/16-bil 


Immediateto register 
1011 
w reg 
data 
dataifw=1 
3-4 
8/16-bit 


Memory 
to accumulator 
1010000w 
addr-Iow 
addr-high 
8 


Accumulatorto memory 
1010001w 
addr-Iow 
addr-high 
9 


Register/memoryto segmentregister 
10001110 
mod 0 reg rIm 
2/9 


Segmentregisterto register/memory 
10001100 
mod 0 reg rIm 
2/11 


PUSH = Push: 


Memory 
11111111 
mod 110 
rIm 
16 


Register 
01010reg 
10 


Segmentregister 
OOOreg 110 
9 


Immediate 
011010s0 
data 
datalfs=O 
10 


PUSHA = Push AU 
01100000 
36 
POP = Pop: 


Memory 
10001111 
mod 0 0 0 rIm 
20 


Register 
01011 
reg 
10 


Segmentregister 
OOOreg 111 
(reg"01) 
8 


POPA = PopAII 
01100001 
51 


XCHG = Exchange: 


Register/memorywith register 
1000011w 
mod reg rIm 
4/17 


Registerwith accumulator 
10010reg 
3 


IN = Input Irom: 


Fixedport 
1110010w 
port 
10 


Variableport 
1110110w 
8 
OUT = Output to: 


Fixedport 
1110011 
w 
port 
9 


Variableport 
1110111 
w 
7 


XLAT = Translatebyteto AL 
11010111 
11 


LEA = LoadEA to register 
10001101 
mod reg rIm 
6 


LOS = Loadpointerto OS 
11000101 
mod reg rIm 
(mod"11) 
18 


LES = Loadpointerto ES 
11000100 
mod reg rIm 
(mod"11) 
18 


LAHF = LoadAH with flags 
10011111 
2 


SAHF = StoreAH intoIlags 
10011110 
3 


PUSHF = Pushflags 
10011100 
9 


POPF = PopIlags 
10011101 
8 


Shaded areas indicate 
instructions 
not available 
in 8086, 8088 microsystems. 


22-47 


inter 


Format 
Clock 
Comments 
Function 
Cycles 


DATA TRANSFER (Continued) 
SEGMENT = Segment Override: 


CS 
I 
00101110 
I 
2 


SS 
I 
00110110 
I 
2 


OS 
I 
00111110 
I 
2 


ES 
I 
00100110 
I 
2 


ARITHMETIC 
ADD = Add: 


Reglmemory w~h register to either 
I 
OOOOOOdw 
I 
mod reg rIm 
I 
3/10 


Immediate to registerlmemory 
I 
100000sw 
I modOOO rIm I 
data 
I data if s w~01 
I 
4/16 


Immediate to accumulator 
I 
0000010w 
I 
data 
I 
dataifw=1 
I 
3/4 
8/16-bit 


ADC = Add with carry: 


Reglmemory with register to either 
I 
000100dw 
I 
mod reg rIm 
I 
3/10 


Immediate to registerlmemory 
I 
100000sw 
I mod 0 10 rIm I 
deta 
I data if s w= 01 I 
4/16 


Immediate to accumulator 
I 
0001010w 
I 
data 
I 
data ifw= 1 
I 
3/4 
8/16-bit 


INC = Increment: 


RegisterI memory 
I 
1111111w 
I modOOO rIm I 
3/15 


Register 
I 01000reg 
I 
3 


SUB ~ Subtract: 


Reglmemory and register to either 
I 001010dw 
I 
mod reg rIm 
I 
3/10 


Immediate from registerlmemory 
I 
100000sw 
I mod 1 0 1 rIm I 
data 
I data if s w=01 
I 
4/16 


Immediate from accumulator 
I 
0010110w 
I 
data 
I 
dataifw=1 
I 
3/4 
8/16-bit 


SBB ~ Subtract with borrow: 


Regl memory and register to either 
I 
000110dw 
I 
mod reg rIm 
I 
3/10 


Immediate from registerlmemory 
I 
100000sw 
I mod011 
rIm I 
data 
I data if s w=01 
I 
4/16 


Immediate from accumulator 
I 
0001110w 
I 
data 
I 
dataifw~1 
I 
3/4 
8/16-bit 
DEC ~ Decrement 


RegisterI memory 
I 
1111111w 
I mod001 
rIm I 
3/15 


Register 
I 01001 
reg 
I 
3 


CMP ~ Compare: 


Registerlmemory with register 
I 
0011101 
w I 
mod reg rIm 
I 
3/10 


Register with registerI memory 
I 
0011100w 
I 
mod reg rIm 
I 
3/10 


Immediate with registerlmemory 
I 
100000sw 
I mod 111 
rIm I 
data 
I data if s w=01 
I 
3/10 


Immediate with accumulator 
0011110w 
I 
data 
I 
dataifw=1 
I 
3/4 
8/16-bit 


NEG = Change sign registerlmemory 
1111011 
w I mod 0 11 rIm I 
3/10 


AAA ~ ASCII adjust for add 
00110111 
I 
8 


DAA = Decimal adjust for add 
00100111 
I 
4 


AAS ~ ASCII adjust for subtract 
00111111 
I 
7 


:>AS = Decimal adjust for subtract 
I 
00101111 
I 
4 


MUL ~ Multiply (unsigned): 
I 
1111011 
w I 
mod 100 rIm 
I 


Register-Byte 
26-28 


Register-Word 
35-37 
Memory-Byte 
32-34 
Memory-Word 
41-43 


inter 


Function 
Format 
Clock 
Comment. 
Cycle. 


LOGIC (Continued) 
XOR = Exclu.lve or: 


Reg/memory and register to either 
I 
001100dw 
mod reg rIm 
I 
3/10 


Immediate to register/memory 
I 
1000000w 
mod 110 
rIm I 
data 
I 
dataijw=1 
I 
4/16 


Immediate to accumulator 
I 
0011010w 
data 
I 
dataijw=1 
I 
3/4 
8/16-b~ 


NOT = Invert register/memory 
1111011 
w 
modO 10 rIm I 
3/10 


STRING MANIPULATION 


MOYS = Move byte/word 
1010010w 
14 


CMPS = Compare byte/word 
1010011 
w 
22 


SCAS = Scan byte/word 
1010111 
w 
15 


LODS = Load byte/wd to ALAX 
1010110w 
12 


STOS = Stor byte/wd from ALA 
1010101 
w 
10 


INS = Input byte/wd from OX port 
I 0110110w 
I 
14 


OUTS - 
Output byte/wd to OXport 
I 0110111w 
I 
14 


Repeated by count in ex 


MOYS = Move string 
11110010 
1010010w 
I 
8+8n 


CMPS = Compare string 
1111001 
z 
1010011 
w I 
5+22n 


SCAS = Scan string 
1111001 
z 
1010111 
w I 
5+15n 


LODS = Load string 
11110010 
1010110w 
I 
6+11n 
, 


STOS = Store string 
11110010 
1010101 
w I 
6+9n 


I 
I 
- 
INS - 
Input string 
11110010 
0110110w 
8+an 


OUTS = Output string 
I 11110010 
I 0110111w 
I 
8+an 


CONTROL TRANSFER 


CALL = C.II: 


Direct within segment 
I 
11101000 
I 
disp-Iow 
I 
disp-high 
I 
15 


Register/memory 
I 
11111111 
I 
mod 010 
rIm I 
13/19 
indirect within segment 


Direct intersegment 
I 
10011010 
I 
segment offset 
I 
23 
I 
segment selector 
I 


Indirect intersegment 
I 
11111111 
I modO 11 rIm I 
(mod#' 11) 
38 


JMP = Unconditional 
Jump: 


Short/long 
I 
11101011 
I 
disp-Iow 
I 
14 


Direct within segment 
I 
11101001 
I 
disp·low 
I 
disp-high 
I 
14 


Register/memory 
I 
11111111 
I mod 1 00 
rIm I 
11/17 
indirect within segment 


Direct intersegment 
I 
11101010 
I 
segment offset 
I 
14 


I 
segment selector 
I 


Indirect intersegment 
I 
11111111 
I 
mod 101 
rIm I 
(mod#' 11) 
26 


intJ 
80186 


INSTRUCTION 
SET SUMMARY 
(Continued) 


Format 
Clock 
Comments 
Function 
Cycles 


CONTROL TRANSFER (Continued) 
RET •• Return from CALL: 


Within segment 
11000011 
16 


Within seg adding immed to SP 
11000010 
data-low 
data·high 
18 


Intersegment 
11001011 
22 


Intersegment adding Immediate to SP 
11001010 
data·low 
data-high 
25 


JE/JZ •• Jump on equal/zero 
01110100 
disp 
4/13 
JMPnot 


JLlJNGE 
•• Jump on less/not greater or equal 
01111100 
disp 
4/13 
taken/JMP 


taken 
JLE/JNG •• Jump on less or equal/not greater 
01111110 
disp 
4/13 


JB/JNAE •• Jump on below/not above or equal 
01110010 
disp 
4/13 


JBE/JNA 
•• Jump on below or equal/not above 
01110110 
disp 
4/13 


JP/JPE •• Jump on parity/parity even 
01111010 
disp 
4/13 


JO •• Jump on overflow 
01110000 
disp 
4/13 


JS ~ Jump on sign 
01111000 
disp 
4/13 


JNE/JNZ •• Jump on not equal/not zero 
01110101 
disp 
4/13 


JNLI JGE •• Jump on not less/ greater or equal 
01111101 
disp 
4/13 


JNLE/JG •• Jump on not less or equal/greater 
01111111 
disp 
4/13 


JNB/JAE 
•• Jump on not below/above or equal 
01110011 
disp 
4/13 


JNBE/JA 
~ Jump on not below or equal/above 
01110111 
disp 
4/13 


JNP/JPO •• Jump on not par/par odd 
01111011 
disp 
4/13 


JNO •• Jump on not overflow 
01110001 
disp 
4/13 


JNS •• Jump on not sign 
01111001 
disp 
4/13 


JCXZ •• Jump on ex zero 
11100011 
disp 
5/15 


LOOP" 
Loop ex times 
11100010 
disp 
6/16 
LOOP not 


LooPZlLooPE 
•• Loop while zero/equal 
11100001 
disp 
6/16 
taken/LOOP 


LooPNZ/LooPNE 
•• Loop while not zero/equal I 


taken 


11100000 
disp 
6/16 


•• Enter Procedure 


"' 


11001000 
data-low 
dala=hlgh 
L 


=0 
15 


•• 1 
25 


L>l 
22+ 18(n-l) 


LEAV£ •• Leave Procedure 
11001001 
8 


INT •• Interrupt: 


Type specnied 
11001101 
type 
47 


Type 3 
11001100 
45 
~ INT. taken/ 


INTO" 
Interrupt on overflow 
11001110 
48/4 
~ INT. not 
taken 


IRET •• Interrupt return 
I 
11001111 
28 


BOUND •• Detect value out of ~ 
I 01100010 
I mod reg rIm I 
33-35 


Shaded 
areas 
indicate 
instructions 
not available 
in BOB6, 
BOBB microsystems. 


22-51 


inter 


Function 
Format 
Clock 
Comments 
Cycles 


PROCESSORCONTROL 


CLC = Clear carry 
I 
11111000 
I 
2 


CMC = Complement carry 
I 
11110101 
I 
2 


STC ~ Set carry 
I 
11111001 
I 
2 


CLO = Clear direction 
I 
11111100 
I 
2 


STO = Set direction 
I 
11111101 
I 
2 


CLI = Clear interrupt 
I 
11111010 
I 
2 


STI = Set interrupt 
I 
11111011 
I 
2 


HLT = Halt 
I 
11110100 
I 
2 


WAIT = Wait 
I 
10011011 
I 
6 
iltest = 0 


LOCK ~ Bus lock prefix 
I 
11110000 
I 
2 


ESC = Processor Extension Escape 
I 
11011 
TTT 
I 
mod LLL rim 
I 
6 


(TTT LLL are opcode to processor extension) 


The Effective Address (EA) of the memory operand 
is computed according to the mod and rim fields: 
. 


if mod = 11 then rim is treated as REG field 
if mod ~ 00 then DISP = 0', disp-Iow and disp-high are absent 
if mod ~ 01 then DISP = disp-Iow sign-extended to 16-bits, disp-high 
is absent 
if mod = 10 then DISP ~ disp-high: disp-Iow 
if rim ~ 000 then EA = (BX) + (SI) + DISP 
if rim = 001 then EA ~ (BX) + (DI) + DISP 
if rim ~ 010 then EA ~ (BP) + (SI) + DISP 
if rim = 011 then EA ~ (BP) + (DI) + DISP 
if r/rt) = 100 then EA ~ (SI) + DISP 
if rim ~ 101 then EA = (DI) + DISP 
if rim ~ 110 then EA ~ (BP) + DISP' 
if rim ~ 111 then EA = (BX) + DISP 


OISP follows 2nd byte of instruction (before data if 
required) 


'except if mod = 00 and rim = 110 then EA = 
disp-high: disp-Iow. 


EA calculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev- 
er appropriate. 


Segment Override Prefix 


reg is assigned according to the following: 


Segment 
Register 
ES 
CS 
SS 
OS 


16·Bit (w = 1) 
000 AX 
001 CX 
0100X 
011 BX 
100 SP 
101 BP 
110 SI 
111 01 


a·Bit (w = 0) 
OOOAL 
001 CL 
0100L 
011 BL 
100 AH 
101 CH 
1100H 
111 BH 


The physical addresses of all operands addressed 
by the BP register are computed using the SS seg- 
ment register. The physical addresses of the desti- 
nation operands of the string primitive operations 
(those addressed by the 01 register) are computed 
using the ES segment, which may not be overridden. 


80C186 


CHMOS HIGH INTEGRATION 
16-BIT MICROPROCESSOR 


• 
Operation 
Modes 
Include: 


- 
Enhanced 
Mode Which Has 


- 
DRAM Refresh 
- 
Power-Save 
Logic 


- 
Direct Interface 
to New 


Numerics 
Coprocessor 


- 
Compatible 
Mode 
- 
NMOS 80186 Pin for Pin 
Replacement 
for Non-Numerics 


Applications 


• 
Integrated 
Feature 
Set 


- 
Enhanced 
80C86/C88 
CPU 


- 
Clock Generator 
- 
2 Independent 
DMA Channels 


- 
Programmable 
Interrupt 
Controller 


- 3 Programmable 
16-Blt Timers 


- 
Dynamic 
RAM Refresh 
Control 
Unit 


- 
Programmable 
Memory 
and 


Peripheral 
Chip Select 
Logic 


- 
Programmable 
Wait State Generator 


- 
Local Bus Controller 


- 
Power Save Logic 
- 
System-Level 
Testing 
Support 
(High 


Impedance 
Test Mode) 


• 
Available 
In 16 MHz (80C186-16), 


12.5 MHz (80C186-12) 
and 10 MHz 


(80C186-10) 
Versions 


The Intel 80C186 is a CHMOS high integration microprocessor. It has features which are new to the 80186 
family which include a DRAM refresh control unit, power-save mode and a direct numerics interface. When 
used in "compatible" mode, the 80C186 is 100% pin-for-pin compatible with the NMOS 80186 (except for 
8087 applications). The "enhanced" mode of operation allows the full feature set of the 80C186 to be used. 
The 80C186 is upward compatible with 8086 and 8088 software and fully compatible with 80186 and 80188 
software. 


• 
Direct Addressing 
Capability 
to 


1 MByte and 64 KByte 
I/O 


• 
Completely 
Object 
Code Compatible 


with All Existing 8086/8088 
Software 


and Also Has 10 Additional 
Instructions 


over 8086/8088 


• 
Complete 
System 
Development 


Support 
-All 
8086 and NMOS 80186 Software 


Development 
Tools Can Be Used for 


80C186 System 
Development 


- 
Assembler, 
PL/M, 
Pascal, Fortran, 


and System 
Utilities 
-In-Clrcuit-Emulator 
(ICETM-C186) 


• 
Available 
In 68 Pin: 
- 
Plastic Leaded 
Chip Carrier 
(PLCC) 


- 
Ceramic 
Pin Grid Array (PGA) 


- 
Ceramic 
Leadless 
Chip Carrier 


(JEDEC A Package) 


• 
Available 
in EXPRESS: 
- 
Standard 
Temperature 
with Burn-In 


- 
Extended 
Temperature 
Range 


(- 40·C to + 85·C) 


inter 
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Symbol 
Pin No. 
Type 
Name and Function 


Vcc,Vcc 
9,43 
I 
System 
Power: + 5 volt power supply. 


Vss,Vss 
26,60 
I 
System Ground. 


RESET 
57 
0 
Reset Output indicates 
that the 80C186 CPU is being reset, and 


can be used as a system reset. It is active HIGH, synchronized 
with 


'. 


the processor 
clock, and lasts an integer number of clock periods 


corresponding 
to the length of the RES signal. Reset goes inactive 


2 clockout 
periods after RES goes inactive. When tied to the TEST / 


BUSY pin, Reset forces the 80C186 into enhanced 
mode. 


X1, X2 
59,58 
I 
Crystal Inputs X1 and X2 provide external 
connections 
for a 


fundamental 
mode or third overtone 
parallel resonant 
crystal for the 
internal oscillator. 
X1 can connect 
to an external 
clock instead of a 


crystal. In this case, minimize the capacitance 
on X2 or drive X2 


with complemented 
X1. The input or oscillator 
frequency 
is 


internally 
divided by two to generate 
the clock signal (CLKOUT). 


CLKOUT 
56 
0 
Clock Output provides 
the system with a 50% duty cycle waveform. 


All device pin timings are specified 
relative to CLKOUT. 
CLKOUT 


has sufficient 
MOS drive capabilities 
for the Numeric 
Processor 


Extension. 


RES 
24 
I 
System Reset causes the 80C186 to immediately 
terminate 
its 


present 
activity, clear the internal 
logic, and enter a dormant 
state. 


This signal may be asynchronous 
to the 80C186 clock. The 80C186 


begins fetching 
instructions 
approximately 
7 clock cycles after RES 


is returned 
HIGH. For proper initialization, 
Vcc must be within 


specifications 
and the clock signal must be stable for more than 4 


clocks with RES held LOW. RES is internally 
synchronized. 
This 


input is provided with a Schmitt-trigger 
to facilitate 
power-on 
RES 


generation 
via an RC network. 
When RES occurs, the 80C186 will 


drive the status lines to an inactive level for one clock, and then 
float them. 


TEST/BUSY 
47 
I 
The TEST pin is sampled 
during and after reset to determine 


whether 
the 80C186 is to enter Compatible 
or Enhanced 
Mode. 


Enhanced 
Mode requires TEST to be HIGH on the rising edge of 


RES and LOW four clocks later. Any other combination 
will place 


the 80C186 in Compatible 
Mode. A weak internal pullup insures a 
. 
HIGH state when the pin is not driven. 


TEST -In 
Compatible 
Mode this pin is configured 
to operate 
as 


TEST. This pin is examined 
by the WAIT instruction. 
If the TEST 


input is HIGH when WAIT execution 
begins, instruction 
execution 


will suspend. 
TEST will be resampled 
every five clocks until it goes 


LOW, at which time execution 
will resume. 
If interrupts 
are enabled 


. 
while the 80C186 
is waiting for TEST, interrupts 
will be serviced . 


BUSY-In 
Enhanced 
Mode, this pin is configured 
to operate 
as 


BUSY. The BUSY input is used to notify the 80C186 of Numerics 
Processor 
Extension 
activity. Floating point instructions 
executing 


in the 80C186 sample the BUSY pin to determine 
when the 


Numerics 
Processor 
is ready to accept a new command. 
BUSY is 


active HIGH. 


TMR INO, 
20 
I 
Timer Inputs are used either as clock or control 
signals, depending 
TMR IN 1 
21 
I 
upon the programmed 
timer mode. These inputs are active HIGH 


(or LOW-to-HIGH 
transitions 
are counted) 
and internally 


synchronized. 


TMR OUTO, 
22 
0 
Timer outputs are used to provide single pulse or continous 
TMR OUT 1 
23 
0 
waveform 
generation, 
depending 
upon the timer mode selected. 


inter 


Symbol 
PinHo. 
Type 
Harne and Function 


ORQO 
18 
I 
OMA Request 
is driven HIGH by an external 
device when it desires 
ORQ1 
19 
I 
that a OMA channel 
(Channel 0 or 1) perform 
a transfer. 
These 


signals are active HIGH, level-triggered, 
and internally 
synchronized. 


NMI 
46 
I 
Non-Maskable 
Interrupt 
is an edge-triggered 
input which causes a 


type 2 interrupt. 
NMI is not maskable 
internally. 
A transition 
from a 


LOW to HIGH initiates the interrupt 
at the next instruction 
boundary. 


NMI is latched 
internally. 
An NMI duration 
of one clock or more will 


guarantee 
service. This input is internally 
synchronized. 


INTO,INT1 
45,44 
I 
Maskable 
Interrupt 
Requests 
can be requested 
by activating 
one of 
INT2/INTAO 
42 
I/O 
these pins. When configured 
as inputs, these pins are active HIGH. 
INT3/INTA1 
41 
I/O 
Interrupt 
Requests 
are synchronized 
internally. 
INT2 and INT3 may 


be configured 
via software 
to provide active-LOW 
interrupt- 


acknowledge 
output signals. All interrupt 
inputs may be configured 


via software 
to be either edge- or level-triggered. 
To ensure 


recognition, 
all interrupt 
requests 
must remain active until the 


interrupt 
is acknowledged. 
When slave mode is selected, 
the 


function 
of these pins changes 
(see Interrupt 
Controller 
section 
of 


this data sheet). 


A19/56, 
65 
0 
Address 
Bus Outputs 
(16-19) 
and Bus Cycle Status (3-6) 
reflect the 
A18/55, 
66 
0 
four most significant 
address bits during T1. These signals are active 
A17/54, 
67 
0 
HIGH. During T2. T3, Tw. and T4. status information 
is available 
on 
A16/53 
68 
0 
these lines as encoded 
below: 


Low 
High 


56 
Processor 
Cycle 
OMACycle 


53, 54, and 55 are defined as LOW during T2- T4. 


A015-ADO 
10-17, 
I/O 
Address/ 
Data Bus (0 -15) 
signals constitute 
the time multiplexed 
1-8 
memory or I/O address 
(T 1) and data (T2, T3, Tw, and T4) bus. The 


bus is active HIGH. Ao is analogous 
to BHE for the lower byte of the 


data bus, pins 07 through 
Do. It is LOW during T1 when a byte is to 


be transferred 
onto the lower portion of the bus in memory or I/O 


operations. 


BHE 
64 
0 
The BHE (Bus High Enable) signal is analogous 
to AO in that it is 


used to enable data on to the most significant 
half of the data bus, 


pins 015-08. 
BHE will be LOW during T1 when the upper byte is 


transferred 
and will remain LOW through T3 AND Tw. BHE does not 


need to be latched. 
BHE will float during HOLD. 


In Enhanced 
Mode, BHE will also be used to signify DRAM refresh 


cycles. A refresh cycle is indicated 
by BHE and AO being HIGH. 


BHE and AO Encodlngs 


BHE Value 
AO Value 
Function 


0 
0 
Word Transfer 
0 
1 
Byte Transfer 
on upper half of 


data bus (015-08) 


1 
0 
Byte Transfer 
on lower half of 


data bus (07-00) 


1 
1 
Refresh 


inter 


Symbol 
Pin No. 
Type 
Name and Function 


ALE/QSO 
61 
a 
Address 
Latch Enable/Queue 
Status 0 is provided 
by the 80C186 
to latch the address. ALE is active HIGH. Addresses 
are 
guaranteed 
to be valid on the trailing edge of ALE. The ALE rising 
edge is generated 
off the rising edge of the CLKOUT 
immediately 
preceding 
T 1 of the associated 
bus cycle, effectively 
one-half 
clock 
cycle earlier than in the standard 
8086. The trailing edge is 
generated 
off the CLKOUT 
rising edge in T 1 as in the 8086. Note 
that ALE is never floated. 


WR/QS1 
63 
a 
Write Strobe/Queue 
Status 1 indicates 
that the data on the bus is 
to be written into a memory or an I/O device. WR is active for T2, 
T3, and Tw of any write cycle. It is active LOW, and floats during 


.- 
"HOLD." 
It is driven HIGH for one clock during Reset. and then 
floated. When the 80C186 is in queue status mode, the ALE/QSO 
and WR/QS1 
pins provide information 
about processor/instruction 
queue interaction. 


QS1 
QSO 
Queue 
Operation 


0 
0 
No queue operation 
0 
1 
First opcode 
byte fetched 
from 
the queue 
1 
1 
Subsequent 
byte fetched 
from 
the queue 


. 
1 
0 
Empty the queue 


RD/QSMD 
62 
a 
Read Strobe indicates 
that the 80C186 
is performing 
a memory or 


I/O read cycle. RD is active LOW for T2. T3, and Tw of any read 
cycle. It is guaranteed 
not to go LOW in T2 until after the Address 
Bus is floated. 
RD is active LOW, and floats during "HOLD". 
RD is 
driven HIGH for one clock during Reset, and then the output driver 
is floated. A weak internal pull-up mechanism 
of the RD line holds it 
HIGH when the line is not driven. During RESET the pin is sampled 


.' 
to determine 
whether the 80C186 should provide ALE. WR and RD • 


or if the Queue-Status 
should be provided. 
RD should be 
connected 
to GND to provide Queue-Status 
data. 


ARDY 
55 
I 
Asynchronous 
Ready informs the 80C186 that the addressed 
memory space or I/O device will complete 
a data transfer. 
The 
ARDY input pin will accept an asynchronous 
input. and is active 
HIGH. Only the rising edge is internally 
synchronized 
by the 
80C186. This means that the falling edge of ARDY must be 
synchronized 
to the 80C186 clock. If connected 
to Vcc, no WAIT 
states are inserted. 
Asynchronous 
ready (ARDY) or synchronous 
ready (SRDY) must be active to terminate 
a bus cycle. If unused, 


this line should be tied LOW to yield control 
to the SRDY pin. 


SRDY 
49 
I 
Synchronous 
Ready must be synchronized 
externally 
to the 
80C186. The use of SRDY provides 
a relaxed system-timing 
specification 
on the Ready input. This is accomplished 
by 
eliminating 
the one-half 
clock cycle which is required for internally 
resolving 
the signal level when using the ARDY input. This line is 
active HIGH. If this line is connected 
to VCC. no WAIT states are 
, 
inserted. Asynchronous 
ready (ARDY) or synchronous 
ready 
(SRDY) must be active before a bus cycle is terminated. 
If unused, 


this line should be tied LOW to yield control to the ARDY pin. 


inter 


Symbol 
Pin No. 
Type 
Name and Function 


LOCK 
48 
0 
LOCK output indicates 
that other system bus masters are not to gain 


control 
of the system bus while LOCK is active LOW. The LOCK 


signal is requested 
by the LOCK prefix instruction 
and is activated 
at 


the beginning 
of the first data cycle associated 
with the instruction 


following 
the LOCK prefix. It remains active until the completion 
of 


the instruction 
following 
the LOCK prefix. No prefetches 
will occur 


while LOCK is asserted. 
LOCK is active LOW, is driven HIGH for one 


clock during RESET, and then floated. 


SO, S1, 52 
52-54 
0 
Bus cycle status SO-S2 
are encoded 
to provide bus-transaction 


information: 


80C186 
Bus Cycle Status Information 


52 
51 
SO 
Bus Cycle Initiated 


0 
0 
0 
Interrupt Acknowledge 


0 
0 
1 
Read 1/0 
0 
1 
0 
Write 1/0 
0 
1 
1 
Halt 
, 
1 
0 
0 
Instruction 
Fetch 


1 
0 
1 
Read Data from Memory 


1 
1 
0 
Write Data to Memory 


1 
1 
1 
Passive (no bus cycle) 


The status pins float during HOLD/HLDA. 
S2 may be used as a logical MilO 
indicator, 
and S1 as a DTIR 


indicator. 
The status lines are driven HIGH for one clock during Reset, and 
then floated 
until a bus cycle begins. 


HOLD (input) 
50 
I 
HOLD indicates 
that another 
bus master is requesting 
the local bus. 


HLDA (output) 
51 
0 
The HOLD input is active HIGH. HOLD may be asynchronous 
with 


respect to the 80C186 clock. The 80C186 will issue a HLDA (HIGH) 
in response 
to a HOLD request at the end of T4 or Tj. Simultaneous 


with the issuance 
of HLDA, the 80C186 will float the local bus and 


control 
lines. After HOLD is detected 
as being LOW, the 80C186 will 


lower HLDA. When the 80C186 
needs to run another 
bus cycle, it will 


again drive the local bus and control 
lines. 


In Enhanced 
Mode, HLDA will go low when a DRAM refresh cycle is 


pending in the 80C186 and an external 
bus master has control 
of the 


bus. It will be up to the external 
master to relinquish 
the bus by 


lowering 
HOLD so that the 80C186 
may execute 
the refresh cycle. 


Lowering 
HOLD for four clocks and returning 
HIGH will insure only 


one refresh cycle to the external 
master. HLDA will immediately 
go 


active after the refresh cycle has taken place. 


UCS 
34 
0 
Upper Memory Chip Select is an active LOW output whenever 
a 


memory reference 
is made to the defined 
upper portion (1K-256K 


block) of memory. This line is not floated 
during bus HOLD. The 


address range activating 
UCS is software 
programmable. 


UCS and LCS are sampled 
upon the rising edge of RES. If both pins 


are held low, the 80C186 will enter ONCETM Mode. In ONCE Mode 
all pins assume a high impedance 
state and remain so until a 


subsequent 
RESET. UCS has a weak internal pullup for normal 


operation. 


inter 


Symbol 
Pin No. 
Type 
Name and Function 


LCS 
33 
0 
Lower Memory Chip Select is active LOW whenever 
a 


memory reference 
is made to the defined 
lower portion (1 K- 


256K) of memory. This line is not floated 
during bus HOLD. 


The address range activating 
LCS is software 
programmable. 


UCS and LCS are sampled 
upon the rising edge of RES. If 


both pins are held low, the 80C186 will enter ONCE Mode. In 
ONCE Mode all pins assume a high impedance 
state and 


remain so until a subsequent 
RESET. UCS has a weak 


internal pullup for normal operation. 


MCSO/PEREQ 
38 
1/0 
Mid-Range 
Memory Chip Select signals are active LOW 
MCS1/ERROR 
37 
1/0 
when a memory reference 
is made to the defined 
mid-range 
MCS2 
36 
0 
portion of memory 
(8K-512K). 
These lines are not floated 
MCS3/NPS 
35 
0 
during bus HOLD. The address 
ranges activating 
MCSO-3 


are software 
programmable. 


In Enhanced 
Mode, MCSO becomes 
a PEREQ input 
(Processor 
Extension 
Request). 
When connected 
to the 


Numerics 
Processor 
Extension, 
this input is used to signal 


the 80C186 when to make numeric data transfers 
to and 
from the NPX. MCS3 becomes 
NPS (Numeric 
Processor 


Select) which may only be activated 
by communicati~ 


the Numerics 
Processor 
Extension. 
MCS1 becomes 
ERROR 


in enhanced 
mode and is used to signal numerics 


coprocessor 
errors. 


PCSO 
25 
0 
Peripheral 
Chip Select signals 0-4 
are active LOW when a 


PCS1-4 
27,28,29,30 
0 
reference 
is made to the defined 
peripheral 
area (64K byte II 


o space). These lines are not floated 
during bus HOLD. The 


address ranges activating 
PCSO-4 
are software 


programmable. 


PCS5/A1 
31 
0 
Peripheral 
Chip Select 5 or Latched A 1 may be programmed 


to provide a sixth peripheral 
chip select, or to provide an 


internally 
latched A 1 signal. The address 
range activating 


PCS5 is software 
programmable. 
When programmed 
to 


provide latched. A 1, rather than PCS5, this pin will retain the 
previously 
latched value of A 1 during a bus HOLD. A 1 is 


active HIGH. 


PCS6/A2 
32 
0 
Peripheral 
Chip Select 6 or Latched A2 may be programmed 
to provide a seventh 
peripheral 
chip select, or to provide an 
internally 
latched A2 signal. The address range activating 


PCS6 is software 
programmable. 
When programmed 
to 


provide 
latched A2, rather than PCS6, this pin will retain the 


previously 
latched value of A2 during a bus HOLD. A2 is 


active HIGH. 


DTIR 
40 
0 
Data Transmit/Receive 
controls 
the direction 
of data flow 
through the external 
8286/8287 
data bus transceiver. 
When 


LOW, data is transferred 
to the 80C186. When HIGH the 


80C186 places write data on the data bus. 


DEN 
39 
0 
Data Enable is provided 
as an 8286/8287 
data bus 
transceiver 
output enable. 
DEN is active LOW during each 


memory and 1/0 access. 
DEN is HIGH whenever 
DT IA 


changes 
state. 


The following 
Functional 
Description 
describes 
the 
base architecture 
of the 80C186. 
This architecture 
is 
common 
to the 8086, 8088, 80186 and 80286 micro- 
processor 
families 
as well. 
The 
80C186 
is a very 
high integration 
16-bit 
microprocessor. 
It combines 
15-20 
of the most common 
microprocessor 
system 
components 
onto 
one 
chip. 
The 
80C186 
is object 
code 
compatible 
with the 8086/8088 
microproces- 
sors and adds 10 new instruction 
types to the exist- 
ing 8086/8088 
instruction 
set. 


The 
80C186 
has 
two 
major 
modes 
of 
operation, 
Compatible 
and Enhanced. 
In Compatible 
Mode the 
80C186 
is 
completely 
compatible 
with 
NMOS 
80186, 
with the exception 
of 8087 
support. 
All pin 
functions, 
timings, 
and drive capabilities 
are identi- 
cal. The Enhanced 
mode adds three new features 
to 
the system 
design. 
These 
are Power-Save 
control, 
Dynamic 
RAM 
refresh, 
and 
an asynchronous 
Nu- 
merics Co-processor 
interface. 


The 8086, 8088, 80186, and 80286 family all contain 
the same basic set of registers, 
instructions, 
and ad- 
dressing 
modes. 
The 80C186 
processor 
is upward 
compatible 
with the 8086, 8088, and 80286 
CPUs. 


The 
80C186 
base 
architecture 
has fourteen 
regis- 
ters as shown 
in Figures 3a and 3b. These registers 
are grouped 
into the following 
categories. 


General 
Registers 


Eight 16-bit general 
purpose 
registers 
may be used 
to contain 
arithmetic 
and logical 
operands. 
Four of 


these 
(AX, BX, CX, and OX) can be used as 16-bit 
registers 
or split into pairs of separate 
8-bit registers. 


Segment 
Registers 


Four 16-bit special 
purpose 
registers 
select, 
at any 
given time, the segments 
of memory 
that are imme- 
diately 
addressable 
for code, 
stack, 
and data. 
(For 
usage, refer to Memory 
Organization.) 


Base and Index Registers 


Four of the general 
purpose 
registers 
may also be 
used to determine 
offset 
addresses 
of operands 
in 
memory. These registers 
may contain 
base address- 
es or indexes 
to particular 
locations 
within 
a seg- 
ment. The addressing 
mode selects the specific 
reg- 
isters for operand 
and address 
calculations. 


Status 
and Control 
Registers 


Two 16-bit special 
purpose 
registers 
record 
or alter 
certain 
aspects 
of 
the 
80C186 
processor 
state. 
These 
are the 
Instruction 
Pointer 
Register, 
which 
contains 
the offset 
address 
of the 
next sequential 
instruction 
to 
be 
executed, 
and 
the 
Status 
Word 
Register, 
which contains 
status and control 
flag bits 
(see Figures 
3a and 3b). 


The Status 
Word records 
specific 
characteristics 
of 
the result of logical 
and arithmetic 
instructions 
(bits 
0, 2, 4, 6, 7, and 11) and controls 
the operation 
of 
the 80C186 
within a given operating 
mode (bits 8, 9, 
and 10). The Status 
Word 
Register 
is 16-bits 
wide. 
The 
function 
of the 
Status 
Word 
bits 
is shown 
in 
Table 2. 


BYTE 


ADDRESSABLE 
(8-BIT 


REGISTER 
NAMES 


SHOWN) 


16-81T 


REGISTER 
NAME 


AH 
AL 


DH 
OL 


CH 
CL 


BH 
BL 


STATUS 
FLAas: 


CARRY 


PARITY 


AUXILIARY 
CARRY 


ZERO 


SIGH 


OVERFLOW 


15 
14 
13 


SPECIAL 


REGISTER 
FUNCTIONS 


15 


cs 


~ 


CODE 
SEGMENT 
SELECTOR 


OS 
OAT A SEGMENT 
SELECTOR 


55 
STACK 
SEGMENT 
SELECTOR 


ES 
EXTRA 
SEGMENT 
SELECTOR 


SEGMENT 
REGISTERS 


,:1_-_- 


CONTROL 
F~S: 


TAAPFLAG 


INTERRUPT 
ENABLE 


DIRECTION 
FLAG 


inter 


Bit 
Name 
Function 
Position 


0 
CF 
Carry Flag-Set 
on high-order 


bit carry or borrow; cleared 
otherwise 


2 
PF 
Parity Flag-Set 
if low-order 
8 


bits of result contain an even 
number of 1-bits; cleared 
otherwise 


4 
AF 
Set on carry from or borrow to 
the low order four bits of AL; 
cleared 
otherwise 


6 
ZF 
Zero Flag-Set 
if result is zero; 


cleared 
otherwise 


7 
SF 
Sign Flag-Set 
equal to high- 
order bit of result (0 if positive, 
1 if negative) 


8 
TF 
Single Step Fla~nce 
set, a 


single step interrupt 
occurs 


after the next instruction 
executes. 
TF is cleared 
by the 


single step interrupt. 


9 
IF 
Interrupt-enable 
Flag-When 


set, maskable 
interrupts 
will 
cause the CPU to transfer 
control to an interrupt vector 
specified 
location. 


10 
DF 
Direction 
Flag-Causes 
string 


instructions 
to auto decrement 


the appropriate 
index register 


when set. Clearing 
DF causes 


auto increment. 


11 
OF 
Overflow 
Flag-Set 
if the 


signed result cannot be 
expressed 
within the number 


of bits in the destination 
operand; 
cleared otherwise 


The instruction 
set is divided 
into seven categories: 


data 
transfer, 
arithmetic, 
shift/rotate/logical, 
string 


manipulation, 
control 
transfer, 
high-level 
instruc- 


tions, 
and processor 
control. 
These 
categories 
are 


summarized 
in Figure 4. 


An 80C186 
instruction 
can reference 
anywhere 
from 


zero to several 
operands. 
An operand 
can reside in 


a register, in the instruction 
itself, or in memory. 
Spe- 


cific operand 
addressing 
modes 
are discussed 
later 


in this data sheet. 


Memory Organization 


Memory is organized 
in sets of segments. 
Each seg- 


ment is a linear contiguous 
sequence 
of up to 64K 


(216) 8-bit bytes. Memory 
is addressed 
using a two- 


component 
address 
(a pointer) that consists 
of a 16- 


bit base 
segment 
and 
a 16-bit 
offset. 
The 
16-bit 


base 
values 
are contained 
in one 
of four 
internal 


segment 
register 
(code, 
data, 
stack, 
extra). 
The 


physical 
address 
is calculated 
by shifting 
the base 


value LEFT by four bits and adding the 16-bit offset 
value to yield a 20-bit physical 
address 
(see Figure 


5). This allows for a 1 MByte physical 
address 
size. 


All 
instructions 
that 
address 
operands 
in memory 


must specify the base segment 
and the 16-bit offset 


value. For speed and compact 
instruction 
encoding, 


the segment 
register 
used for physical 
address 
gen- 


eration 
is implied by the addressing 
mode used (see 


Table 
3). These 
rules follow 
the way programs 
are 


written 
(see Figure 6) as independent 
modules 
that 


require areas for code and data, a stack, and access 
to external 
data areas. 


Special 
segment 
override 
instruction 
prefixes 
allow 


the 
implicit 
segment 
register 
selection 
rules 
to be 


overridden 
for special 
cases. 
The stack, 
data, 
and 


extra segments 
may coincide 
for simple 
programs. 


GENERAL 
PURPOSE 
MOVS 
Move byte or word string 


MOV 
Move byte or word 
INS 
Input bytes or word string 


PUSH 
Push word onto stack 
OUTS 
Output 
bytes or word string 


POP 
Pop word off stack 


PUSHA 


CMPS 
Compare 
byte or word string 
Push all registers 
on stack 


POPA 
Pop all registers 
from stack 


SCAS 
Scan byte or word string 


XCHG 
Exchange 
byte or word 
LODS 
Load byte or word string 


XLAT 
Translate 
byte 
STOS 
Store byte or word string 


INPUT/OUTPUT 
REP 
Repeat 


IN 
I 
Input byte or word 
REPE/REPZ 
Repeat while equal/zero 


OUT 
I 
Output 
byte or word 
REPNE/REPNZ 
Repeat 
while not equal/not 
zero 


ADDRESS 
OBJECT 
LOGICALS 


LEA 
Load effective 
address 
NOT 
"Not" 
byte or word 


LOS 
Load pointer 
using OS 
AND 
"And" 
byte or word 


LES 
Load pointer 
using ES 
OR 
"Inclusive 
or" byte or word 


FLAG TRANSFER 
XOR 
"Exclusive 
or" byte or word 


LAHF 


TEST 
"Test" 
byte or word 


Load AH register 
from flags 


SAHF 
Store AH register 
in flags 
SHIFTS 


SHL/SAL 
Shift logical! arithmetic 
left byte or word 


PUSHF 
Push flags onto stack 
SHR 
Shift logical right byte or word 


POPF 
Pop flags off stack 
SAR 
Shift arithmetic 
right byte or word 


ADDITION 
ROTATES 


ADD 
Add byte or word 
ROL 
Rotate 
left byte or word 


ADC 
Add byte or word with carry 
ROR 
Rotate 
right byte or word 


INC 
Increment 
byte or word by 1 
RCL 
Rotate through 
carry left byte or word 


AAA 
ASCII adjust for addition 
RCR 
Rotate through 
carry right byte or word 


DAA 
Decimal 
adjust for addition 
FLAG OPERATIONS 


SUBTRACTION 
STC 
Set carry flag 


SUB 
Subtract 
byte or word 


CLC 
Clear carry flag 


SBB 
Subtract 
byte or word with borrow 
CMC 
Complement 
carry flag 


DEC 
Decrement 
byte or word by 1 
STD 
Set direction 
flag 


NEG 
Negate 
byte or word 


CLD 
Clear direction 
flag 


CMP 
Compare 
byte or word 
STI 
Set interrupt 
enable flag 


AAS 
ASCII adjust for subtraction 
CLI 
Clear interrupt 
enable flag 


DAS 
Decimal 
adjust for subtraction 
EXTERNAL 
SYNCHRONIZATION 


MULTIPLICATION 
HLT 
Halt until interrupt 
or reset 


MUL 
MUltiply byte or word unsigned 
WAIT 
Wait for TEST pin active 


IMUL 
Integer multiply 
byte or word 
ESC 
Escape 
to extension 
processor 


AAM 
ASCII adjust for multiply 
LOCK 
Lock bus during next instruction 


DIVISION 
NO OPERATION 


DIV 
Divide byte or word unsigned 
NOP 
I 
No operation 


IDIV 
Integer divide byte or word 
HIGH LEVEL INSTRUCTIONS 


AAD 
ASCII adjust for division 
ENTER 
Format stack for procedure 
entry 


CBW 
Convert 
byte to word 
LEAVE 
Restore 
stack for procedure 
exit 


CWO 
Convert 
word to doubleword 
BOUND 
Detects 
values outside 
prescribed 
range 


inter 


CONDITIONAL 
TRANSFERS 


JAlJNBE 
Jump if above/not 
below nor equal 


JAE/JNB 
Jump if above or equal/not 
below 


JB/JNAE 
Jump if below/not 
above nor equal 


JBE/JNA 
Jump if below or equal/not 
above 


JC 
Jump if carry 


JE/JZ 
Jump if equal/zero 


JG/JNLE 
Jump if greater/not 
less nor equal 


JGE/JNL 
Jump if greater 
or equal/not 
less 


JLlJNGE 
Jump if less/not 
greater 
nor equal 


JLE/JNG 
Jump if less or equal/not 
greater 


JNC 
Jump if not carry 


JNE/JNZ 
Jump if not equal/not 
zero 


JNO 
Jump if not overflow 


JNP/JPO 
Jump if not parity/parity 
odd 


JNS 
Jump if not sign 


JO 
Jump if overflow 


JP/JPE 
Jump if parity/parity 
even 


JS 
Jump if sign 


UNCONDITIONAL 
TRANSFERS 


CALL 
Call procedure 


RET 
Return from procedure 


JMP 
Jump 


ITERATION 
CONTROLS 


LOOP 
Loop 


LOOPE/LOOPZ 
Loop if equal/zero 


LOOPNE/LOOPNZ 
Loop if not equal/not 
zero 


JCXZ 
Jump if register 
CX = 0 


INTERRUPTS 


INT 
Interrupt 


INTO 
Interrupt 
if overflow 


IRET 
Interrupt 
return 


To access 
operands 
that do not reside in one of the 


four 
immediately 
available 
segments. 
a full 
32-bit 


pointer 
can be used to reload 
both the base 
(seg- 


ment) and offset 
values. 
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Memory 
Segment 
Implicit Segment 
Reference 
Register 
Needed 
Used 
Selection 
Rule 


Instructions 
Code (CS) 
Instruction 
prefetch 
and 


immediate 
data. 
Stack 
Stack (55) 
All stack pushes and 
pops; any memory 
references 
which use BP 


Register 
as a base 


register. 
External 
Extra (ES) 
All string instruction 


Data 
references 
which use 


(Global) 
the 01 register as an 
index. 


Local Data 
Data (OS) 
All other data references. 
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Helps 


Structure 
Software 


Addressing 
Modes 


The 80C186 provides eight categories of addressing 
modes to specify operands. Two addressing modes 
are provided for instructions that operate on register 
or immediate operands: 


• 
Register 
Operand 
Mode: The operand is located 


in one of the 8- or 16-bit general registers. 


• 
Immediate 
Operand 
Mode: 
The operand is in- 


cluded in the instruction. 


Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: a seg- 
ment base and an offset. The segment base is sup- 
plied by a 16-bit segment register either implicitly 
chosen by the addressing mode or explicitly chosen 
by a segment override prefix. The offset, also called 
the effective address, is calculated by summing any 
combination of the following three address ele- 
ments: 
• the displacement 
(an 8- or 16-bit immediate value 


contained in the instruction); 
• the base (contents of either the BX or BP base 


registers); and 
• the index (contents of either the SI or 01 index 


registers). 


Any carry out from the 16-bit addition is ignored. 
Eight-bit displacements are sign extended to 16-bit 
values. 


Combinations of these three address elements de- 
fine the six memory addressing modes, described 
below. 


• 
Direct Mode: The operand's offset is contained in 
the instruction as an 8- or 16-bit displacement el- 
ement. 


• 
Register 
Indirect 
Mode: The operand's offset is in 


one of the registers SI, 01, BX, or BP. 


• 
Based Mode: The operand's offset is the sum of 
an 8- or 16-bit displacement and the contents of 
a base register (BX or BP). 


• 
Indexed 
Mode: The operand's offset is the sum 


of an 8- or 16-bit displacement and the contents 
of an index register (SI or 01). 


• 
Based Indexed 
Mode: The operand's offset is the 


sum of the contents of a base register and an 
Index register. 


• 
Based indexed 
Mode with Displacement: 
The op- 


erand's offset is the sum of a base register's con- 
tents, an index register's contents, and an 8- or 
16-bit displacement. 


Data Types 


The 80C186 directly supports the following data 
types: 


• 
Integer: A signed binary numeric value contained 
in an 8-bit byte or a 16-bit word. All operations 
assume 
a 
2's 
complement 
representation. 


Signed 32- and 64-bit integers are supported us- 
ing 
a 
Numeric 
Oata Coprocessor 
with 
the 


80C186. 


• 
Ordinal: 
An unsigned binary numeric value con- 


tained in an 8-bit byte or a 16-bit word. 


• 
Pointer: A 16- or 32-bit quantity, composed of a 
16-bit offset component or a 16-bit segment base 
component in addition to a 16-bit offset compo- 
nent. 


• 
String: A contiguous sequence of bytes or words. 
A string may contain from 1 to 64K bytes. 


• ASCII: A byte representation of alphanumeric and 


control characters using the ASCII standard of 
character representation. 


• 
BCD: A byte (unpacked) representation of the 
decimal digits 0-9. 


• 
Packed 
BCD: A bYte (packed) representation of 


two decimal digits (0-9). One digit is stored in 
each nibble (4-bits) of the byte. 


• 
Floating 
Point: A signed 32-, 64·, or 80-bit real 


number representation. (Floating point operands 
are supported using a Numeric Oata Coprocessor 
with the 80C186.) 


In general, individual data elements must fit within 
defined segment limits. Figure 7 graphically repre- 
sents the data types supported by the 80C186. 


The I/O space consists of 64K 8-bit or 32K 16-bit 
ports. Separate instructions address the I/O space 
with either an 8-bit port address, specified in the in- 
struction, or a 16·bit port address in the OX register. 
8-bit port addresses are zero extended such that 
A15-Aa 
are LOW. I/O 
port addresses 00F8(H) 


through OOFF(H)are reserved. 


An interrupt transfers execution to a new program 
location. The old program address (CS:IP) and ma- 
chine state (Status Word) are saved on the stack to 
allow resumption of the interrupted program. Inter- 
rupts fall into three classes: hardware initiated, INT 
instructions, and instruction exceptions. Hardware 
initiated interrupts occur in response to an external 
input and are classified as non-maskable or maska- 
ble. 
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Data Types 


Programs 
may cause 
an interrupt 
with 
an 
INT in- 


struction. 
Instruction 
exceptions 
occur 
when an un- 


usual 
condition, 
which 
prevents 
further 
instruction 


processing, 
is detected 
while attempting 
to execute 


an instruction. 
If the exception 
was caused 
by exe- 


cuting an ESC instruction 
with the ESC trap bit set in 


the 
relocation 
register, 
the 
return 
instruction 
will 


point to the ESC instruction, 
or to the segment 
over- 


ride prefix 
immediately 
preceding 
the 
ESC instruc- 


22-66 


tion if the prefix was present. 
In all other cases, 
the 


return 
address 
from 
an exception 
will point 
at the 


instruction 
immediately 
following 
the 
instruction 


causing 
the exception. 


A table 
containing 
up to 256 
pointers 
defines 
the 


proper interrupt 
service routine for each interrupt. 
In- 


terrupts 
0-31, 
some 
of which 
are used for instruc- 


tion 
exceptions, 
are reserved. 
Table 
4 shows 
the 


80C186 
predefined 
types and default 
priority 
levels. 


For each interrupt, 
an 8-bit vector 
must be supplied 


to the 80C186 
which 
identifies 
the appropriate 
table 


entry. 
Exceptions 
supply 
the 
interrupt 
vector 
inter- 


nally. 
In addition, 
internal 
peripherals 
and 
noncas- 


caded 
external 
interrupts 
will 
generate 
their 
own 


vectors 
through 
the internal 
interrupt 
controller. 
INT 


instructions 
_contain 
or imply 
the 
vector 
and 
allow 


access 
to all 256 interrupts. 
Maskable 
hardware 
ini- 


tiated 
interrupts 
supply 
the 8-bit vector 
to the CPU 


during 
an 
interrupt 
acknowledge 
bus 
sequence. 


Non-maskable 
hardware 
interrupts 
use a predefined 


internally 
supplied 
vector. 


Interrupt Sources 


The 
80C186 
can 
service 
interrupts 
generated 
by 


software 
or hardware. 
The 
software 
interrupts 
are 


generated 
by specific 
instructions 
(INT, ESC, unused 


OP, etc.) 
or the 
results 
of conditions 
specified 
by 


instructions 
(array 
bounds 
check, 
INTO, OIV, 10lV, 


etc.). All interrupt 
sources 
are serviced 
by an indirect 


call through 
an element 
of a vector table. This vector 


table 
is indexed 
by using the 
interrupt 
vector 
type 


(Table 4), multiplied 
by four. All hardware-generated 


interrupts 
are sampled 
at the end of each 
instruc- 


tion. Thus, the software 
interrupts 
will begin service 


first. Once the service 
routine 
is entered 
and inter- 


rupts are enabled, 
any hardware 
source 
of sufficient 


priority can interrupt 
the service 
routine 
in progress. 


The software 
generated 
80C186 
interrupts 
are de- 


scribed 
below. 


DIVIDE 
ERROR 
EXCEPTION 
(TYPE 
0) 


Generated 
when 
a OIV or 10lV instruction 
quotient 


cannot 
be expressed 
in the 
number 
of bits in the 


destination. 


Generated 
after 
most 
instructions 
if the TF flag is 


set. Interrupts 
will not be generated 
after 
prefix 
in- 


structions 
(e.g., REP), instructions 
which modify seg- 


ment registers 
(e.g., POP OS), or the WAIT instruc- 


tion. 


An 
external 
interrupt 
source 
which 
cannot 
be 


masked. 


inter 


Interrupt 
Vector 
Default 
Related 


Name 
Type 
Priority 
Instructions 


Divide Error 
0 
·1 
DIV,IDIV 


Exception 
Single Step 
1 
12·· 
All 


Interrupt 
NMI 
2 
1 
All 


Breakpoint 
3 
·1 
INT 


Interrupt 
INTO Detected 
4 
·1 
INTO 


Overflow 
Exception 
Array Bounds 
5 
·1 
BOUND 


Exception 
Unused-Opcode 
6 
·1 
Undefined 


Exception 
Opcodes 


ESCOpcode 
7 
*1··· 
ESCOpcodes 


Exception 
Timer 0 Interrupt 
8 
2A···· 
Timer 1 Interrupt 
18 
2B···· 
Timer 2 Interrupt 
19 
2C···· 
Reserved 
9 
3 
<, 


DMA 0 Interrupt 
10 
4 


DMA 1 Interrupt 
11 
5 


INTO Interrupt 
12 
6 


INT1 Interrupt 
13 
7 


INT2 Interrupt 
14 
8 


INT3 Interrupt 
15 
9 
. 


NOTES: 
·1. These are generated as the result of an instruction exe- 
cution. 
··2. This is handled as in the 8086. 
····3. 
All three timers constitute one source of request to 


the interrupt controller. The Timer interrupts all have the 
same default priority level with respect to all other interrupt 
sources. However, they have a defined priority ordering 
amongst themselves. (Priority 2A is higher priority than 26.) 
Each TImer interrupt has a separate vector type number. 
4. Default priorities for the interrupt sources are used only if 
the user does not program each source into a unique prior- 
ity level. 
···5. An escape opcode will cause a trap if the 80C186 is 
in compatible mode or if the processor is in enhanced 
mode with the proper bit set in the peripheral control block 
relocation register. 


BREAKPOINT 
INTERRUPT 
(TYPE 
3) 


A one-byte 
version 
of the INT instruction. 
It uses 12 


as an index 
into the 
service 
routine 
address 
table 


(because 
it is a type 3 interrupt). 


INTO DETECTED 
OVERFLOW 
EXCEPTION 


(TYPE4) 


Generated 
during an INTO instruction 
if the OF bit is 


set. 


ARRAY 
BOUNDS 
EXCEPTION 
(TYPE 
5) 


Generated 
during 
a BOUND 
instruction 
if the array 


index is outside 
the array bounds. 
The array bounds 


are located 
in memory at a location 
indicated 
by one 


of the instruction 
operands. 
The other operand 
indi- 


cates the value of the index to be checked. 


UNUSED 
OPCODE 
EXCEPTION 
(TYPE 
6) 


Generated 
if execution 
is attempted 
on undefined 


opcodes. 


ESCAPE 
OPCODE 
EXCEPTION 
(TYPE 
7) 


Generated 
if execution 
is attempted 
of ESC opcodes 


(D8H-DFH). 
In compatible 
mode 
operation, 
ESC 


opcodes 
will always 
generate 
this exception. 
In en- 


hanced 
mode operation, 
the exception 
will be gener- 


ated only if a bit in the relocation 
register 
is set. The 


return address 
of this exception 
will point to the ESC 


instruction 
causing the exception. 
If a segment 
over- 


ride prefix preceded 
the ESC instruction, 
the return 


address 
will point to the segment 
override 
prefix. 


Hardware-generated 
interrupts 
are divided 
into two 


groups: 
maskable 
interrupts 
and 
non-maskable 
in- 


terrupts. 
The 80C186 
provides 
maskable 
hardware 


interrupt 
request 
pins INTO-INT3. 
In addition, 
mask- 


able interrupts 
may be generated 
by the 80C186 
in- 


tegrated 
DMA 
controller 
and 
the 
integrated 
timer 


unit. The vector 
types for these 
interrupts 
is shown 


in Table 4. Software 
enables 
these inputs by setting 


the interrupt 
flag bit (IF) in the Status Word. The in- 


terrupt 
controller 
is discussed 
in the peripheral 
sec- 


tion of this data sheet. 


Further 
maskable 
interrupts 
are disabled 
while serv- 
icing an interrupt 
because 
the IF bit is reset as part 


of the 
response 
to an interrupt 
or exception. 
The 


saved 
Status 
Word will reflect 
the enable 
status 
of 


the processor 
prior to the interrupt. 
The interrupt 
flag 


will remain zero unless specifically 
set. The interrupt 


return instruction 
restores 
the Status 
Word, thereby 


restoring 
the original 
status 
of IF bit. If the interrupt 


return re-enables 
interrupts, 
and another 
interrupt 
is 


pending, 
the 
80C186 
will 
immediately 
service 
the 


highest-priority 
interrupt 
pending, 
i.e., no instructions 


of the main line program 
will be executed. 


Non-Maskable Interrupt Request (NMI) 


A 
non-maskable 
interrupt 
(NMI) 
is also 
provided. 


This interrupt 
is serviced 
regardless 
of the state 
of 


the IF bit. A typical use of NMI would be to activate 
a 


power 
failure 
routine. 
The 
activation 
of this 
input 


causes an interrupt 
with an internally 
supplied 
vector 


value 
of 2. No external 
interrupt 
acknowledge 
se- 


quence 
is performed. 
The 
IF bit is cleared 
at the 


beginning 
of an NMI interrupt 
to prevent 
maskable 


interrupts 
from being serviced. 


The 80C186 
has an internal interrupt 
that allows pro- 


grams 
to 
execute 
one 
instruction 
at a time. 
It is 


called 
the single-step 
interrupt 
and is controlled 
by 


the single-step 
flag bit (TF) in the Status Word. Once 


this 
bit is set, an internal 
single-step 
interrupt 
will 


occur 
after the next instruction 
has been executed. 
The interrupt 
clears the TF bit and uses an internally 


supplied 
vector 
of 1. The IRET instruction 
is used to 


set the TF bit and transfer 
control 
to the next instruc- 


tion to be single-stepped. 


Processor 
initialization 
or startup 
is accomplished 
by 


driving 
the 
RES 
input 
pin 
LOW. 
RES 
forces 
the 


80C186 
to terminate 
all execution 
and local bus ac- 


tivit.Y:.Jio instruction 
or bus activity will occur as long 


as RES is active. 
After 
RES becomes 
inactive 
and 


an internal 
processing 
interval 
elapses, 
the 80C186 


begins 
execution 
with the instruction 
at physical 
lo- 


cation 
FFFFO(H). 
RES also 
sets some 
registers 
to 


predefined 
values 
as shown 
in Table 5. 


Table 5. 80C186 
Initial Register 
State 


after RESET 


Status Word 
Instruction 
Pointer 
Code Segment 
Data Segment 
Extra Segment 
Stack Segment 
Relocation 
Register 
UMCS 


F002(H) 
OOOO(H) 
FFFF(H) 
OOOO(H) 
OOOO(H) 
OOOO(H) 
20FF(H) 
FFFB(H) 


The 80C186 
provides 
an on-chip 
clock generator 
for 


both 
internal 
and 
external 
clock 
generation. 
The 


clock generator 
features 
a crystal oscillator, 
a divide- 
by-two 
counter, 
synchronous 
and 
asynchronous 


ready inputs, and reset circuitry. 


The 80C186 
oscillator 
circuit is designed 
to be used 


either with a parallel 
resonant 
fundamental 
or third- 


overtone 
mode crystal, depending 
upon the frequen- 


cy range 
of the application 
as shown 
in Figure 
8c. 


This is used as the time base for the 80C186. 
The 


crystal 
frequency 
chosen 
should 
be twice 
the 
re- 


quired processor 
frequency. 
Use of an LC or RC cir- 


cuit is not recommended. 


The output 
of the oscillator 
is not directly 
available 


outside 
the 80C186. 
The two recommended 
crystal 


configurations 
are shown in Figure 8a. When used in 


third-overtone 
mode the tank circuit shown in Figure 


8b is recommended 
for stable operation. 
The sum of 


the 
stray 
capacitances 
and 
loading 
capacitors 


should equal the values shown. 
It is advisable 
to lim- 
it stray capacitance 
between 
the X1 and X2 pins to 


less than 
10 pF. While 
a fundamental-mode 
circuit 


will require approximately 
1 ms for start-up, 
the'third· 


overtone 
arrangem~nt 
may require 
1 ms to 3 ms to 


stabilize. 


Alternately 
the oscillator 
pins may be driven from an 


external 
source 
in a configuration 
shown 
in Figure 


8d or Figure 8e. The configuration 
shown 
in Figure 


8f is not recommended. 


The following 
parameters 
may be used for choosing 


a crystal: 


Temperature 
Range: 


ESR (Equivalent 
Series Resistance): 


Co (Shunt Capacitance 
of Crystal): 


C1 (Load Capacitance): 
Drive Level: 


o to 70°C 
40n 
max 
7.0 pf max 
20 pF ± 2 pF 
1 mWmax 


The 80C186 
clock generator 
provides 
the 50% duty 


cycle processor 
clock for the 80C186. 
It does this by 


dividing 
the oscillator 
output 
by 2 forming 
the sym· 


metrical 
clock. 
If an external 
oscillator 
is used, the 


state of the clock 
generator 
will change 
on the fall- 


ing edge 
of the oscillator 
signal. 
The 
CLKOUT 
pin 


provides 
the processor 
clock 
signal for use outside 


the 80C186. 
This may be used to drive other system 


components. 
All timings are referenced 
to the output 


clock. 


READY Synchronization 


The 80C186 
provides 
both synchronous 
and asyn- 


chronous 
ready 
inputs. 
Asynchronous 
ready 
syn- 


chronization 
is accomplished 
by circuitry 
which sam- 


ples ARDY in the middle of T2, T3 and again in the 
middle 
of each 
Tw until 
ARDY 
is sampled 
HIGH. 


One-half 
CLKOUT 
cycle 
of resolution 
time is used. 


Full synchronization 
is performed 
only on the rising 


edge of ARDY, 
I.e., the falling 
edge of ARDY 
must 


be synchronized 
to the CLKOUT 
signal if it will occur 


during 
T2, T3, or Tw. 
High-to-LOW 
transitions 
of 


ARDY must be performed 
synchronously 
to the CPU 


clock. 


A second 
ready 
input 
(SRDY) 
is provided 
to inter- 


face with externally 
synchronized 
ready signals. This 


input is sampled 
at the end of T2. T3 and again 
at 


the 
end 
of each 
Tw until 
it is sampled 
HIGH. 
By 


using this input rather than the asynchronous 
ready 


input, the half-clock 
cycle 
resolution 
time penalty 
is 


eliminated. 


inter 


30pF 
E" 


30pF 


E" 


X2 
80C186 


X2 


80C186 


.1:200pF 


Note 1: 


XTALFrequency 
20 Mhz 
25 Mhz 
32 Mhz 


L1 Value 
12.0,.H ±20% 
8.2,.H ±20% 
4.7,.H ±20% 


Recommended Crystal t.lode 
I' 
Third-Overtone 


I~'~---I 
Fundamental------j 
I 
I 
10t.lHz 
12.5t.lHz 


" 


I 
16t.lHz 


N.C. X2 


80C186 


X2 


80C186 


This input must satisfy set-up and hold times to guar- 
antee proper operation of the circuit. 


In addition, the 80C186, as part of the integrated 
chip-select logic, has the capability to program WAIT 
states for memory and peripheral blocks. This is dis- 
cussed in the Chip Select/Ready Logic description. 


RESET Logic 


The 80C186 provides both a RES input pin and a 
synchronized RESET pin for use with other system 
components. The RES input pin on the 80C186 is 
provided with hysteresis in order to facilitate power- 
on Reset generation via an RC network. RESET is 
guaranteed to remain active for at least five clocks 
given a RES input of at least six clocks. RESET may 
be delayed up to two and one-half clocks behind 
RES. 


Multiple 80C186 processors may be synchronized 
through the RES input pin, since this input resets 
both the processor and divide-by-two internal coun- 
ter in the clock generator. In order to insure that the 
divide-by-two counters all begin counting at the 
same time, the active going edge of RES must satis- 
fy a 25 ns setup time before the falling edge of the 
80C186 clock input. In addition, in order to insure 
that all CPUs begin executing in the same clock cy- 
cle, the reset must satisfy a 15 ns setup time before 
the rising edge of the CLKOUT signal of all the proc- 
essors. 


The 80C186 provides a local bus controller to gener- 
ate the local bus control signals. In addition, it em- 
ploys a HOLD/HLDA protocol for relinquishing the 
local bus to other bus masters. It also provides con- 
trol lines that can be used to enable external buffers 
and to direct the flow of data on and off the local 
bus. 


Memory IPeripheral 
Control 


The 80C186 ~vides 
ALE, RD, and WR bus control 


signals. The RD and WR signals are used to strobe 
data from memory to the 80C186 or to strobe data 
from the 80C186 to memory. The ALE line provides 
a strobe to address latches for the multiplexed ad- 
dress/ data bus. The 80C186 local bus controller 
does not provide a memory/I/O signal. If this is re- 
quired, the user will have to use the 52 signal (which 
will require external latching), make the memory and 
I/O spaces nonoverlapping, or use only the integrat- 
ed chip-select circuitry. 


The 80C186 generates two control signals to be 
connected to external transceiver chips. This capa- 
bility allows the addition of transceivers for extra 
buffering with~t 
add~external 
logic. These con- 


trol lines, DT/R and DEN, are generated to control 
the flow of data through the transceivers. The opera- 
tion of these signals is shown in Table 6. 


Table 6. Transceiver 
Control 
Signals Description 


Pin Name 
Function 


DEN (Data Enable) 
Enables the output 
drivers of the 
transceivers. It is active 
LOW during memory, 
I/O, or INTA cycles. 


DT/R" (Data Transmit/ 
Determines the direction 


Receive) 
of travel through the 
transceivers. A HIGH 
level directs data away 
from the processor 
during write operations, 
while a LOW level directs 
data toward the 
processor during a read 
operation. 


Local Bus Arbitration 


The 80C186 uses a HOLD/HLDA system of local 
bus exchange. This provides an asynchronous bus 
exchange mechanism. This means multiple masters 
utilizing the same bus can operate at separate clock 
frequencies. The 80C186 provides a single HOLD/ 
HLDA pair through which all other bus masters may 
gain control of the local bus. This requires external 
circuitry to arbitrate which external device will gain 
control of the bus from the 80C186 when there is 
more than one alternate local bus master. When the 
80C186 relinquishes control of the local bus, it floats 
DEN, 
RD, 
WR, 
SO-52, 
LOCK, 
ADO-AD15, 


A16-A19, SHE, and DT/R to allow another master 
to drive these lines directly. 


The 80C186 HOLD latency time, i.e., the time be- 
tween HOLD request and HOLD acknowledge, is a 
function of the activity occurring in the processor 
when the HOLD request is received. A HOLD re- 
quest is the highest-priority activity request which 
the processor may receive: higher than instruction 
fetching or internal DMA cycles. However, if a DMA 
cycle is in progress, the 80C186 will complete the 
transfer before relinquishing the bus. This implies 
that if a HOLD request is received just as a DMA 
transfer begins, the HOLD latency time can be as 
great as 4 bus cycles. This will occur if a DMA word 
transfer operation is taking place from an odd ad- 


or more, 
if WAIT 
states 
are required. 
In addition, 
if 


locked 
transfers 
are performed, 
the 
HOLD 
latency 


time will be increased 
by the length 
of the locked 


transfer. 


Local Bus Controller 
and Reset 


Upon receipt 
of a RESET pulse from the RES input, 


the local bus controller 
will perform 
the following 
ac- 


tion: 


• 
Drive DEN, RD, and WR HIGH for one clock 
cy- 


cle, then float. 


NOTE: 
RD is also provided 
with an internal 
pull-up 
device 


to prevent 
the 
processor 
from 
inadvertently 
enter- 


ing Queue Status 
mode during reset. 


• 
Drive SO-52 
to the passive 
state 
(all HIGH) and 


then float. 


• 
Drive LOCK HIGH and then float. 


• 
Float ADO-15, 
A 16-19, 
SHE, DT /R. 


• 
Drive ALE LOW (ALE is never floated). 


• 
Drive HLDA LOW. 


All the 80C186 
integrated 
peripherals 
are controlled 


via 16-bit registers 
contained 
within an internal 
256- 


byte 
control 
block. 
This 
control 
block 
may 
be 


mapped 
into either 
memory 
or I/O 
space. 
Internal 


logic will recognize 
the address 
and respond 
to the 


bus cycle. During bus cycles to internal registers, 
the 


bus 
controller 
will 
signal 
the 
operation 
externally 


(Le., the RD, WR, status, 
address, 
data, etc., lines 


will be driven 
as in a normal 
bus cycle), 
but 015-0, 
SRDY, and ARDY will be ignored. The base address 
of the control 
block 
must 
be on an even 256-byte 


boundary 
(Le., the lower 8 bits of the base address 


are all zeros). 
All of the defined 
registers 
within this 


control 
block 
may be read or written 
by the 80C186 


CPU at any time. The location 
of any register 
con- 


tained 
within 
the 
256-byte 
control 
block 
is deter- 


mined 
by the current 
base 
address 
of the control 


block. 


The control 
block base address 
is programmed 
via a 


16-bit relocation 
register contained 
within the control 
block 
at offset 
FEH from 
the base 
address 
of the 


control 
block (see Figure 9). It provides 
the upper 12 


bits of the base 
address 
of the control 
block. 
The 


control 
block 
is effectively 
an internal 
chip 
select 


range 
and 
must 
abide 
by all the 
rules 
concerning 


chip 
selects 
(the chip 
select 
circuitry 
is discussed 


later in this data sheet). Any access to the 256 bytes 
of the control 
block activates 
an internal 
chip select. 
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only if they are programmed 
to zero wait states and 


ignore external 
ready. In addition, 
bit 12 of this regis- 


ter 
determines 
whether 
the 
control 
block 
will 
be 
mapped 
into I/O or memory space. If this bit is 1, the 


control 
block 
will 
be 
located 
in 
memory 
space, 


whereas 
if the bit is 0, the control 
block will be locat- 


ed 
in I/O 
space. 
If the 
control 
register 
block 
is 


mapped 
into I/O space, the upper 4 bits of the base 
address 
must 
be programmed 
as 0 (since 
I/O 
ad- 


dresses 
are only 16 bits wide). 


In addition to providing 
relocation 
information 
for the 


control 
block, 
the 
relocation 
register 
contains 
bits 


which place the interrupt 
controller 
into slave mode, 


and cause 
the CPU to interrupt 
upon encountering 


ESC instructions. 
At RESET, 
the relocation 
register 


is set to 20FFH. 
This causes 
the control 
block 
to 


start at FFOOH in I/O 
space. 
An offset 
map of the 


256-byte 
control 
register 
block 
is shown 
in Figure 


10. 


The integrated 
80C186 
peripherals 
operate 
semi-au- 


tonomously 
from 
the CPU. Access 
to them 
for the 


most 
part is via software 
read/write 
of the control 


block. Most of these registers 
can be both read and 


written. A few dedicated 
lines, such as interrupts 
and 


DMA request 
provide 
real-time 
communication 
be- 


tween 
the CPU and peripherals 
as in a more 
con· 


ventional 
system 
utilizing discrete 
peripheral 
blocks. 
The overall interaction 
and function 
of the peripheral 


blocks 
has not substantially 
changed. 


CHIP-SELECT/READY 
GENERATION 


LOGIC 


The 80C186 
contains 
logic which provides 
program- 
mable chip-select 
generation 
for both memories 
and 


peripherals. 
In addition, 
it can 
be programmed 
to 


provide 
READY 
(or WAIT 
state) 
generation. 
It can 


also 
povide 
latched 
address 
bits A 1 and 
A2. The 


chip-select 
lines are active 
for all memory 
and I/O 


cycles 
in their programmed 
areas, whether 
they be 


generated 
by the CPU or by the integrated 
DMA unit. 


Memory Chip Selects 


The 80C186 
provides 
6 memory 
chip select 
outputs 


for 3 address 
areas; 
upper memory, 
lower memory, 


and midrange 
memory. 
One each is provided 
for up- 


per memory 
and lower memory, 
while four are pro- 


vided for midrange 
memory. 


The range for each chip select 
is user-programma- 


ble and can be set to 2K, 4K, 8K, 16K, 32K, 64K, 
128K 
(plus 
1K and 256K for upper 
and lower 
chip 


selects). 
In addition, 
the beginning 
or base address 


15 
14 
13 
12 
11 
10 
9 
B 
7 
6 
5 
4 
3 
2 
0 
OFFSET: 
FEH I ET ISLAVE/MASTER! 
X 
IMllol 
Relocation Address BitsR19-RB 
ET 
= ESCTrap / No ESCTrap (1/0) 
M/IO = Rr§ister block located in Memory / I/O Space (1/0) 
SLAVE/MA 
TER = Configures interrupt controller for Slave/Master Mode (1/0) 


Relocation Register 


DMA Descriptors Channel 1 


DMA Descriptors Channel 0 


Chip-Select Control Registers 


Time 2 Control Registers 


Time 1 Control Registers 


Time 0 Control Registers 


Interrupt Controller Registers 


of the 
midrange 
memory 
chip 
select 
may also 
be 


selected. 
Only one chip select 
may be programmed 


to be active 
for any memory 
location 
at a time. All 


chip 
select 
sizes 
are 
in bytes, 
whereas 
80C186 


memory 
is arranged 
in words. This means that if, for 


example, 
16 64K x 1 memories 
are used, the memo- 


ry block size will be 128K, not 64K. 


Upper Memory CS 


The 80C186 
provides 
a chip select, 
called 
UCS, for 


the top 
of- memory. 
The top 
of memory 
is usually 


used as the system memory 
because 
after reset the 


80C186 
begins 
executing 
at 
memory 
location 


FFFFOH. 


The upper limit of memory defined 
by this chip select 


is always 
FFFFFH, 
while the lower limit is program- 


mable. 
By programming 
the lower 
limit, the size of 


the select 
block 
is also defined. 
Table 
7 shows 
the 


relationship 
between 
the base address 
selected 
and 


the size of the memory 
block obtained. 


Table 7. UMCS Programming 
Values 


Starting 
Memory 
UMCSValue 
Address 
(Base 
Block 
(Assuming 


Address) 
Size 
RO=R1 
=R2=O) 


FFCOO 
1K 
FFF8H 


FF800 
2K 
FFB8H 


FFOOO 
4K 
FF38H 


FEOOO 
8K 
FE38H 


FCOOO 
16K 
FC38H 


F8000 
32K 
F838H 


FOOOO 
64K 
F038H 


EOOOO 
128K 
E038H 


COOOO 
256K 
C038H 


The lower limit of this memory 
block is defined 
in the 


UMCS 
register 
(see Figure 
11). This 
register 
is at 


offset 
AOH in the 
internal 
control 
block. 
The 
legal 


values 
for bits 6-13 
and the 
resulting 
starting 
ad- 


dress and memory 
block sizes are given in Table 7. 


Any combination 
of bits 6-13 
not shown 
in Table 7 


will 
result 
in undefined 
operation. 
After 
reset, 
the 


UMCS register 
is programmed 
for a 1K area. It must 


be reprogrammed 
if a larger upper 
memory 
area is 


desired. 


Any internally 
generated 
20-bit 
address 
whose 
up- 


per 16 bits are greater 
than or equal to UMCS (with 


bits 0-5 
"0") 
will cause UCS to be activated. 
UMCS 


bits R2-RO 
are used to specify READY mode for the 


area of memory 
defined 
by this chip-select 
register, 


as explained 
below. 


Lower Memory CS 


The 80C186 
provides 
a chip select 
for low memory 


called 
LCS. The bottom 
of memory 
contains 
the in- 


terrupt 
vector 
table, starting 
at location 
OOOOOH. 


inter 


The lower limit of memory defined 
by this chip select 
is always OH, while the upper limit is programmable. 
By 
programming 
the 
upper 
limit, 
the 
size 
of 
the 


memory 
block 
is also 
defined. 
Table 
8 shows 
the 


relationship 
between 
the 
upper 
address 
selected 


and the size of the memory 
block obtained. 


Table 8. LMCS Programming 
Values 


Upper 
Memory 
LMCSValue 


Address 
Block 
(Assuming 


Size 
RO=R1=R2=O) 


003FFH 
1K 
0038H 
007FFH 
2K 
0078H 


OOFFFH 
4K 
00F8H 


01FFFH 
8K 
01F8H 


03FFFH 
16K 
03F8H 
07FFFH 
32K 
07F8H 


OFFFFH 
64K 
OFF8H 


1FFFFH 
128K 
1FF8H 


3FFFFH 
256K 
3FF8H 


The upper limit of this memory block is defined 
in the 


LMCS 
register 
(see 
Figure 
12). This 
register 
is at 
offset 
A2H 
in the 
internal 
control 
block. 
The 
legal 


values for bits 6-15 
and the resulting 
upper address 


and memory 
block 
sizes are given 
in Table 
8. Any 


combination 
of bits 6-15 
not shown 
in Table 
8 will 
result in undefined 
operation. 
After reset, the LMCS 
register 
value is undefined. 
However, 
the LCS chip- 


select 
line will 
not 
become 
active 
until 
the 
LMCS 


register 
is accessed. 


Any internally 
generated 
20-bit 
address 
whose 
up- 


per 16 bits are less than or equal to LMCS (with bits 
0-5 
"1 ") will cause LCS to be active. LMCS register 


bits R2-RO 
are used to specify the READY mode for 


the area of memory defined 
by this chip-select 
regis- 
ter. 


Mid-Range 
Memory CS 


The 80C186 
provides 
four MCS lines which 
are ac- 
tive 
within 
a 
user-locatable 
memory 
block. 
This 
block 
can 
be located 
within 
the 
80C186 
1M byte 


memory 
address 
space 
exclusive 
of the areas 
de- 
fined 
by 
UCS 
and 
LCS. 
Both 
the 
base 
ad- 


dress and size of this memory block are programma- 
ble. 


The size of the memory 
block 
defined 
by the mid- 
range 
select 
lines, 
as shown 
in Table 
9, is deter- 


mined by bits 8-14 
of the MPCS register 
(see Figure 


13). This register 
is at location 
A8H in the internal 
control 
block. 
One and only one of bits 8-14 
must 


be set at a time. Unpredictable 
operation 
of the MCS 
lines will otherwise 
occur. 
Each of the four chip-se- 
lect lines is active for one of the four equal contigu- 
ous divisions 
of the mid-range 
block. Thus, if the to- 


tal block size is 32K, each chip select is active for 8K 
of memory with MCSO being active for the first range 
and MCS3 being active for the last range. 


The EX and MS in MPCS relate to peripheral 
func- 
tionally 
as described 
in a later section. 


Table 9. MPCS Programming 
Values 


Total Block 
Individual 
MPCS Bits 
Size 
Select Size 
14-8 


8K 
2K 
0000001B 
16K 
4K 
0000010B 
32K 
8K 
0000100B 
64K 
16K 
0001000B 
128K 
32K 
0010000B 
256K 
64K 
0100000B 
512K 
128K 
1000000B 


The base address 
of the mid-range 
memory 
block is 
defined 
by bits 15-9 
of the MMCS register 
(see Fig- 
ure 14). This register 
is at offset 
A6H in the internal 


control 
block. 
These 
bits 
correspond 
to 
bits 
A 19-A 13 
of 
the 
20-bit 
memory 
address. 
Bits 
A12-AO 
of the base address 
are always O. The base 


address 
may be set at any integer 
multiple 
of the 
size of the total 
memory 
block selected. 
For exam- 


ple, if the mid-range 
block size is 32K (or the size of 
the block 
for which 
each 
MCS line is active 
is 8K), 
the block 
could 
be located 
at 10000H 
or 18000H, 


but not at 14000H, 
since the first few integer 
multi- 
ples 
of 
a 
32K 
memory 
block 
are 
OH, 
8000H, 


10000H, 
18000H, 
etc. After 
reset, 
the contents 
of 


both of these registers 
is undefined. 
However, 
none 


of the MCS lines will be active until both the MMCS 
and MPCS registers 
are accessed. 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


OFFSET: 
AOH I 
1 I 
1 
U 
U 
U 
u I u 
u I u I u 
1 
1 
1 
R2 I R1 
RO I 


A19 
A11 


Figure 11. UMCS Register 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


OFFSET: 
A2H I 
0 
I 
0 
u I u I u I u I u I u I u I u 
1 
1 
1 I R2 I R1 I RO I 
A19 
All 


Figure 12. LMCS Register 


22-73 


inter 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


OFFSET: 
A8H I 
1 I M6 I M5 I M4 I M3 I M2 I M1 I MO I EX I MS I 
1 
1 
1 I R2 I R1 I RO I 


15 
9 
3 
0 


OFFSET: 
A6H I u I u I u I u I u I u I u I 
1 I 
1 I 
1 I 
1 I 
1 
1 I R2 I R1 I RO I 
M9 
M3 


MMCS bits R2-RO specify READY mode of opera- 
tion for all mid-range chip selects. All devices in mid- 
range memory must use the same number of WAIT 
states. 


The 512K block size for the mid-range memory chip 
selects is a special case. When using 512K, the 
base address would have to be at either locations 
OOOOOHor 80000H. If it were to be programmed at 
OOOOOHwhen the LCS line was programmed, there 
would be an internal conflict between the LCS ready 
generation logic and the MCS ready generation log- 
ic. Likewise, if the base address were programmed 
at 80000H, there would be a conflict with the UCS 
ready generation logic. Since the LCS chip-select 
line does not become active until programmed, while 
the UCS line is active at reset, the memory base can 
be set only at OOOOOH.If this base address is select- 
ed, however, the LCS range must not be pro- 
grammed. 


The 80C186 can generate chip selects for up to sev- 
en peripheral devices. These chip selects are active 
for seven contiguous blocks of 128 bytes above a 
programmable base address. This base address 
may be located in either memory or I/O space. 


Seven CS lines called PCSO-6 are generated by the 
80C186. The base address is user-programmable; 


15 


OFFSET: 
A4H I u I u 
u I u I u I u I u I 
U 


A19 


however it can only be a mUltiple of 1K bytes, Le., 
the least significant 10 bits of the starting address 
are always O. 


PCS5and PCS6can also be programmed to provide 
latched address bits A1, A2. If so programmed, they 
cannot be used as peripheral selects. These outputs 
can be connected directly to the AO, A1 pins used 
for selecting internal registers of8-bit 
peripheral 


chips. This scheme simplifies the hardware interface 
because the 8-bit registers of peripherals are simply 
treated as 16-bit registers located on even bounda- 
ries in I/O space or memory space where only the 
lower 8-bits of the register are significant: the upper 
8-bits are "don't cares." 


The starting address of the peripheral chip-select 
block is defined by the PACS register (see Figure 
15).This register is located at offset A4H in the inter- 
nal control block. Bits 15-6 of this register corre- 
spond to bits 19-10 
of the 20-bit Programmable 


Base Address (PBA) of the peripheral chip-select 
block. Bits 9-0 of the PBA of the peripheral chip-se- 
lect block are all zeros. If the chip-select block is 
located in I/O space, bits 12-15 
must be pro- 


grammed zero, since the I/O address is only 16 bits 
wide. Table 10 shows the address range of each 
peripheral chip select with respect to the PBA con- 
tained in PACS register. 


6 
5 


U I u I 
1 I 
1 


A10 


3 
0 


1 I R2 I R1 I RO I 


the desired peripheral-base location:-PACSbit; 0":2 
are used to specify READY mode for PCSO-PCS3. 


Table 
10. PCS Address 
Ranges 


PCS Line 
Active between 
Locations 


PCSO 
PBA 
-PBA+127 


PCS1 
PBA+ 128-PBA + 255 


PCS2 
PBA+ 256-PBA + 383 


PCS3 
PBA+ 384-PBA + 511 


PCS4 
PBA+ 512-PBA + 639 


PCS5 
PBA+ 64o-PBA + 767 


PCS6 
PBA+ 768-PBA + 895 


The mode of operation of the peripheral chip selects 
is defined by the MPCS register (which is also used 
to set the size of the mid-range memory chip-select 
block, see Figure 13). This register is located at off- 
set A8H in the internal control block. Bit 7 is used to 
select the function of PCS5 and PCS6,while bit 6 is 
used to select whether the peripheral chip selects 
are mapped into memory or I/O space. Table 11 
describes the programming of these bits. After reset, 
the contents of both the MPCS and the PACS regis- 
ters are undefined, however none of the PCS lines 
will be active until both of the MPCS and PACS reg- 
isters are accessed. 


Bit 
Description 


MS 
1 = Peripherals mapped into memory space. 


EX 
o = Peripherals mapped into I/O space. 
o = 5 PCS lines. A1, A2 provided. 
1 = 7 PCS lines. A1, A2 are not provided. 


MPCS bits 0-2 are used to specify READY mode for 
PCS4-PCS6 as outlined below. 


READY Generation 
Logic 


The 80C186 can generate a "READY" signal inter- 
nally for each of the memory or peripheral CS lines. 
The number of WAIT states to be inserted for each 
peripheral or memory is programmable to provide 
0-3 
wait states for all accesses to the area for 


which the chip select is active. In addition, the 
80C186 may be programmed to either ignore exter- 
nal READY for each chip-select range individually or 
to factor external READY with the integrated ready 
generator. 


READY control consists of 3 bits for each CS line or 
group of lines generated by the 80C186. The inter- 
pretation of the ready bits is shown in Table 12. 


R2 
R1 
RO 
Number 
of WAIT States Generated 


0 
0 
0 
o wait states, external ROY 
also used. 
0 
0 
1 
1 wait state inserted, external ROY 
also used. 
0 
1 
0 
2 wait states inserted, external ROY 
also used. 
0 
1 
1 
3 wait states inserted, external ROY 
also used. 
1 
0 
0 
o wait states, external ROY 
ignored. 


1 
0 
1 
1 wait state inserted, external ROY 
ignored. 


1 
1 
0 
2 wait states inserted, external ROY 
ignored. 


1 
1 
1 
3 wait states inserted, external ROY 
ignored. 


The internal ready generator operates in parallel 
with external READY, not in series if the external 
READY is used (R2 = 0). This means, for example, 
if the internal generator is set to insert two wait 
states, but activity on the external READY lines will 
insert four wait states, the processor will only insert 
four wait states, not six. This is because the two wait 
states generated by the internal generator over- 
lapped the first two wait states generated by the ex- 
ternal ready signal. Note that the external ARDY and 
SRDY lines are always ignored during cycles ac- 
cessing internal peripherals. 


R2-RO of each control word specifies the READY 
mode for the corresponding block, with the excep- 
tion of the peripheral chip selects: R2-RO of PACS 
set the PCSO-3 READY mode, R2-RO of MPCS set 
the PCS4-6 READY mode. 


Chip Select/Ready 
Logic and Reset 


Upon reset, the Chip-Select/Ready Logic will per- 
form the following actions: 
• All chip-select outputs will be driven HIGH. 
• Upon leaving RESET, the UCS line will be pro- 


grammed to provide chip selects to a 1K block 
with the accompanying READY control bits set at 
011 to allow the maximum number of internal wait 
states in conjunction with external Ready consid- 
eration (Le., UMCS resets to FFFBH). 


• No other chip select or READY control registers 


have any predefined values after RESET. They 
will not become active until the CPU accesses 
their control registers. Both the PACS and MPCS 
registers must be accessed before the PCS lines 
will become active. 


The 80C186 
DMA controller 
provides 
two indepen- 
dent high-speed 
DMA channels. 
Data transfers 
can 


occur between 
memory 
and I/O spaces 
(e.g., Mem- 
ory to I/O) or within the same space 
(e.g., Memory 


to Memory 
or I/O to I/O). Data can be transferred 


either in bytes (8 bits) or in words (16 bits) to or from 
even 
or odd addresses. 
Each 
DMA channel 
main- 


tains 
both 
a 20-bit 
source 
and destination 
pointer 


which 
can be optionally 
incremented 
or decrement- 


ed after each data transfer 
(by one or two depending 


on byte or word transfers). 
Each data transfer 
con- 


sumes 
2 bus cycles 
(a minimum 
of 8 clocks), 
one 


cycle to fetch data and the other to store data. 


Each channel 
has six registers 
in the control 
block 


which define each channel's 
specific 
operation. 
The 


control 
registers 
consist of a 20-bit Source pointer (2 


wordS), a 20-bit destination 
pointer 
(2 words), 
a 16- 


bit Transfer 
Counter, 
and a 16-bit Control Word. The 
format 
of the DMA Control 
Blocks is shown 
in Table 


13. The Transfer 
Count 
Register 
(TC) specifies 
the 


number 
of DMA 
transfers 
to be performed. 
Up to 


64K byte or word 
transfers 
can be performed 
with 


automatic 
termination. 
The Control Word defines the 


channel's 
operation 
(see 
Figure 
17). All 
registers 


may be modified 
or altered 
during any DMA activity. 


Any changes 
made to these registers 
will be reflect- 


ed immediately 
in DMA operation. 


Table 13. DMA Control 
Block Format 


Register 
Name 
Register 
Address 


Ch.O 
Ch.1 


Control Word 
. 


CAH 
DAH 


Transfer 
Count 
C8H 
D8H 


Destination 
Pointer (upper 4 
C6H 
D6H 


bits) 
Destination 
Pointer 
C4H 
D4H 


Source Pointer (upper 4 bits) 
C2H 
D2H 


Source Pointer 
COH 
DOH 


DMA 
CONTROL 
LOGIC 


MI 
DESTINATION 
MI 
SOURCE 


iO 
DEC 
INC 
iO 
DEC 
INC 


X = DON'T CARE. 


DMA Channel Control Word Register 


Each 
DMA 
Channel 
Control 
Word 
determines 
the 


mode 
of operation 
for the 
particular 
80C186 
DMA 


channel. 
This register 
specifies: 


• 
the mode of synchronization; 


• 
whether 
bytes or words will be transferred; 


• 
whether 
interrupts 
will be generated 
after the last 


transfer; 


• 
whether 
DMA 
activity 
will 
cease 
after 
a 
pro- 
grammed 
number 
of DMA cycles; 


• 
the relative 
priority 
of the DMA channel 
with re- 


spect to the other DMA channel; 


• 
whether 
the source 
pointer 
will be incremented, 
decremented, 
or maintained 
constant 
after each 


transfer; 


• 
whether 
the source pointer addresses 
memory or 


liD space; 


• 
whether 
the destination 
pointer will be increment- 


ed, 
decremented, 
or maintained 
constant 
after 


each transfer; 
and 


• 
whether 
the 
destination 
pointer 
will 
address 


memory 
or liD space. 


The DMA channel 
control 
registers 
may be changed 


while the channel 
is operating. 
However, 
any chang- 


es made during operation 
will affect the current DMA 


transfer. 


B/W: 


ST/STOP: 


CHGINOCHG: 


Byte/Word 
(011) Transfers. 


Startl stop (1/0) 
Channel. 


Change/Do 
not 
change 
(1/0) 


ST ISTOP 
bit. If this bit is set when 


writi~ 
the 
control 
word, 
the 


ST ISTOP 
bit will be programmed 


by the write to the control 
word. 
If 


this bit is cleared 
when writing the 


control 
word, the ST ISTOP 
bit will 


not 
be 
altered. 
This 
bit 
is 
not 


stored; 
it will 
always 
be 
a 0 on 


read. 


Enable 
Interrupts 
to 
CPU 
on 


Transfer 
Count termination. 


If set. 
DMA 
will 
terminate 
when 


the contents 
of the Transfer 
Count 


register 
reach zero. The ST ISTOP 


bit will also be reset at this point if 
TC is set. If this bit is cleared, 
the 


DMA unit will decrement 
the trans- 


fer 
count 
register 
for 
each 
DMA 


cycle, 
but 
the 
DMA 
transfer 
will 


not stop when the contents 
of the 


TC register 
reach zero. 


00 No synchronization. 


NOTE: 


When 
unsynchronized 
transfers 


are specified, 
the TC bit will be ig- 


nored 
and 
the 
ST 
bit 
will 
be 


cleared 
upon 
the 
transfer 
count 


reaching 
zero, stopping 
the chan- 


nel. 


(2 bits) 
01 Source 
synchronization. 


10 Destination 
synchronization. 


11 Unused. 


SOURCE:INC 
Increment 
source pointer 
by 1 or 2 


(depends 
on 
B/W) 
after 
each 


transfer. 


MilO Source 
pointer 
is in MilO 
space 


(1/0). 


DEC Decrement 
source 
pointer 
by 1 or 


2 (depends 
on B/W) 
after 
each 


transfer. 


DEST: 
INC Increment 
destination 
pointer 
by 1 


or 2 (B/W) 
after each transfer. 


MilO Destination 
pointer 
is 
in 
MilO 


space 
(1/0). 


DEC Decrement 
destination 
-'pointer 
by 


1 or 2 (depending 
on B/W) 
after 


each transfer. 


P 
Channel 
priority-relative 
to other 


channel. 
o low priority. 


1 high priority. 


Channels 
will 
alternate 
cycles 
if 


both set at same priority 
level. 


TDRQ 
0: Disable DMA requests 
from tim- 


er 2. 


1: Enable 
DMA requests 
from tim- 


er 2. 


Bit 3 
Bit 3 is not used. 


inter 


If both INC and DEC are specified for the same 
pointer, the pointer will remain constant after each 
cycle. 


DMA Destination 
and Source Pointer 


Registers 


Each DMA channel maintains a 20-bit source and a 
20-bit destination pointer. Each of these pointers 
takes up two full 16-bit registers in the peripheral 
control block. The lower four bits of the upper regis- 
ter contain the upper four bits of the 20-bit physical 
address (see Figure 18). These pointers may be indi- 
vidually incremented or decremented after each 
transfer. If word transfers are performed the pointer 
is incremented or decremented by two. Each pointer 
may point into either memory or I/O space. Since 
the DMA channels can perform transfers to or from 
odd addresses, there is no restriction on values for 
the pointer registers. Higher transfer rates can be 
obtained if all word transfers are performed to even 
addresses, since this will allow data to be accessed 
in a single memory access. 


Each DMA channel maintains a 16-bit transfer count 
register (TC). This register is decremented after ev- 
ery DMA cycle, regardless of the state of the TC bit 
in the DMA Control Register. If the TC bit in the DMA 
control word is set or if unsynchronized transfers are 
programmed, however, DMA activity will terminate 
when the transfer count register reaches zero. 


Data transfers may be either source or destination 
synchronized, that is either the source of the data or 
the destination of the data may request the data 
transfer. In addition, DMA transfers may be unsyn- 
chronized; that is, the transfer will take place contin- 
ually until the correct number of transfers has oc- 
curred. When source or unsynchronized transfers 
are performed, the DMA channel may begin another 
transfer immediately after the end of a previous 
DMA transfer. This allows a complete transfer to 
take place every 2 bus cycles or eight clock cycles 
(assuming no wait states). No prefetching occurs 
when destination synchronization is performed, how- 
ever. Data will not be fetched from the source ad- 
dress until the destination device signals that it is 
ready to receive it. When destination synchronized 
transfers are requested, the DMA controller will re- 
linquish control of the'bus after every transfer. If no 
other bus activity is initiated, another DMA cycle will 
begin after two processor clocks. This is done to 
allow the destination device time to remove its re- 
quest if another transfer is not desired. Since the 
DMA controller will relinquish the bus, the CPU can 
initiate a bus cycle. As a result, a complete bus cycle 
will often be inserted between destination synchro- 
nized transfers. These lead to the maximum DMA 
transfer rates shown in Table 14. 


Table 
14. Maximum 
DMA 


Transfer 
Rates at 16 MHz 


Type of 
Synchronization 
CPU Running 
CPU Halted 


Selected 


Unsynchronized 
4.0MBytes/sec 
4.0MBytes/sec 


SourceSynch 
4.0MBytes/sec 
4.0MBytes/sec 


DestinationSynch 
2.7MBytes/sec 
3.2MBytes/sec 


HIGHER 


REGISTER 
ADDRESS 


LOWER 


REGISTER 
ADDRESS 


xxx 
xxx 
XXX 
A19-A16 


A15-A12 
All-AB 
A7-A4 
A3-AO 


inter 


DMA Acknowledge 


No explicit DMA acknowledge pulse is provided. 
Since both source and destination pointers are 
maintained, a read from a requesting source, or a 
write to a requesting destination, should be used as 
the DMA acknowledge signal. Since the chip-select 
lines can be programmed to be active for a given 
block of memory or I/O space, and the DMA point- 
ers can be programmed to point to the same given 
block, a chip-select line could be used to indicate a 
DMA acknowledge. 


DMA Priority 


The DMA channels may be programmed such that 
one channel is always given priority over the other, 
or they may be programmed such as to alternate 
cycles when both have DMA requests pending. DMA 
cycles always have priority over internal CPU cycles 
except between locked memory accesses or word 
accesses to odd memory locations; however, an ex- 
ternal bus hold takes priority over an internal DMA 
cycle. Because an interrupt request cannot suspend 
a DMA operation and the CPU cannot access mem- 
ory during a DMA cycle, interrupt latency time will 
suffer during sequences of continuous DMA cycles. 
An NMI request, however, will cause all internal 
DMA activity to halt. This allows the CPU to quickly 
respond to the NMI request. 


DMA Programming 


DMA cycles will occur whenever the ST/STOP bit of 
the Control Register is set. If synchronized transfers 


MAX COUNT 
VALUE 
A 


MAX COUNT 
VAWE 
8 


MOOEICONTAOL 
WORD 


are programmed, a DRO must also have been gen- 
erated. Therefore the source and destination trans- 
fer pointers, and the transfer count register (if used) 
must be programmed before this bit is set. 


Each DMA register may be modified while the chan- 
nel is operating. If the CHG/NOCHG bit is cleared 
when the control register is written, the ST/STOP bit 
of the control register will not be modified by the 
write. If multiple channel registers are modified, it is 
recommended that a LOCKED string transfer be 
used to prevent a DMA transfer from occurring be- 
tween updates to the channel registers. 


Upon RESET, the DMA channels will perform the 
following actions: 
• The Start/Stop bit for each channel will be reset 


to STOP. 


• Any transfer in progress is aborted. 


The 80C186 provides three internal 16-bit program· 
mabie timers (see Figure 19). Two of these are high- 
ly flexible and are connected to four external pins (2 
per timer). They can be used to count external 
events, time external events, generate nonrepetitive 
waveforms, etc. The third timer is not connected to 
any external pins, and is useful for real-time coding 
and time delay applications. In addition, this third 
timer can be used as a prescaler to the other two, or 
as a DMA request source. 


inter 


The timers 
are controlled 
by 11 16-bit 
registers 
in 


the internal 
peripheral 
control 
block. 
The configura- 


tion 
of these 
registers 
is shown 
in Table 
15. The 


count 
register 
contains 
the current 
value of the tim- 


er. It can be read or written 
at any time independent 


of whether 
the timer is running 
or not. The value of 


this 
register 
will 
be 
incremented 
for 
each 
timer 


event. 
Each 
of the timers 
is equipped 
with a MAX 


COUNT 
register, 
which 
defines 
the maximum 
count 


the timer will reach. After reaching 
the MAX COUNT 


register value, the timer count value will reset to zero 
during that same clock, i.e., the maximum 
count val- 


ue is never stored in the count register 
itself. Timers 


o and 
1 are, 
in addition, 
equipped 
with 
a second 


MAX COUNT 
register, 
which 
enables 
the timers 
to 


alternate 
their 
count 
between 
two 
different 
MAX 


COUNT 
values 
programmed 
by the user. If a single 


MAX COUNT 
register 
is used, the timer 
output 
pin 


will switch 
LOW for a single clock, 
1 clock after the 


maximum 
count value has been reached. 
In the dual 


MAX COUNT 
register 
mode, the output 
pin will indi- 


cate which 
MAX COUNT 
register 
is currently 
in use, 
thus allowing 
nearly 
complete 
freedom 
in selecting 


waveform 
duty cycles. 
For the timers with two MAX 


COUNT 
registers, 
the RIU bit in the control 
register 


determines 
which 
is used for the comparison. 


Each timer gets serviced 
every fourth CPU-clock 
cy- 
cle, and thus can operate 
at speeds 
up to one-quar- 


ter the internal 
clock frequency 
(one-eighth 
the crys- 


tal rate). External clocking 
of the timers may be done 


at up to a rate of one-quarter 
of the internal 
CPU- 


clock rate. Due to internal 
synchronization 
and pipe- 


lining of the timer circuitry, 
a timer output 
may take 


up to 6 clocks 
to respond 
to any individual 
clock 
or 


gate input. 


Since 
the count 
registers 
and the 
maximum 
count 


registers 
are all 16 bits wide, 16 bits of resolution 
are 


provided. 
Any Read or Write access to the timers will 


add one wait state 
to the 
minimum 
four-clock 
bus 


cycle, 
however. 
This is needed 
to synchronize 
and 


coordinate 
the internal 
data flows between 
the inter- 


nal timers 
and the internal 
bus. 


The timers 
have several 
programmable 
options. 


• 
All three timers 
can be set to halt or continue 
on 


a terminal 
count. 


• 
Timers 
0 and 1 can select 
between 
internal 
and 


external 
clocks, 
alternate 
between 
MAX COUNT 


registers 
and 
be 
set 
to 
retrigger 
on 
external 


events. 


• 
The timers 
may be programmed 
to cause 
an in- 


terrupt 
on terminal 
count. 


These 
options 
are selectable 
via the timer 
model 


control 
word. 


The 
mode/control 
register 
(see 
Figure 
20) allows 


the user to program 
the specific 
mode of operation 


or check 
the current 
programmed 
status 
for any of 


the three integrated 
timers. 


Table 
15. Timer 
Control 
Block 
Format 


Register 
Name 
Register 
Offset 


Tmr.O 
Tmr.1 
Tmr.2 


Mode/Control 
Word 
56H 
5EH 
66H 


Max Count B 
54H 
5CH 
not present 


Max Count A 
52H 
5AH 
62H 


Count Register 
50H 
58H 
60H 


1 
0 


ALT 
I CONT I 


ALT: 


The AL T bit determines 
which 
of two MAX COUNT 


registers 
is used for count comparison. 
If AL T = 0, 


register 
A for that timer is always 
used, while if ALT 


= 1, the comparison 
will alternate 
between 
register 


A 
and 
register 
B when 
each 
maximum 
count 
is 


reached. 
This alternation 
allows 
the user to change 


one 
MAX COUNT 
register 
while 
the other 
is being 


used, 
and 
thus 
provides 
a method 
of generating 


non-repetitive 
waveforms. 
Square 
waves 
and pulse 


outputs 
of any duty cycle 
are a subset 
of available 


signals obtained 
by not changing 
the final count reg- 


isters. 
The AL T bit also determines 
the function 
of 


the timer output pin. If AL T is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count 
is reached. 
If AL T is one, the output 
pin will 


reflect 
the current 
MAX COUNT 
register 
being used 


(0/1 
for B/ A). 


Setting the CaNT 
bit causes the associated 
timer to 


run continuously, 
while 
resetting 
it causes 
the timer 


to halt upon 
maximum 
count. 
If COUNT 
= 0 and 


ALT = 1, the timer will count 
to the MAX COUNT 


register 
A value, reset, count to the register 
B value, 
reset, and halt. 


The external 
bit selects 
between 
internal 
and exter- 


nal clocking 
for the timer. 
The external 
signal 
may 


be asynchronous 
with respect 
to the 80C186 
clock. 
If this bit is set, the timer 
will count 
LOW-to-HIGH 


transitions 
on the input pin. If cleared, 
it will count an 


internal 
clock while using the input pin for control. 
In 


this mode, the function 
of the external 
pin is defined 


by the RTG bit. The maximum 
input to output 
tran- 


sition 
latency 
time 
may 
be as much 
as 6 clocks. 
However, 
clock 
inputs 
may be pipelined 
as closely 


together 
as every 4 clocks without 
losing clock puls- 


es. 


The prescaler 
bit is ignored 
unless 
internal 
clocking 


has been selected 
(EXT = 0). If the P bit is a zero, 
the timer 
will count 
at one-fourth 
the internal 
CPU 


clock rate. If the P bit is a one, the output of timer 2 
will be used as a clock 
for the timer. 
Note that the 


user must 
initialize 
and start 
timer 
2 to obtain 
the 


prescaled 
clock. 


Retrigger 
bit is only active for internal 
clocking 
(EXT 


= 0). In this case it determines 
the control 
function 


provided 
by the input pin. 


If RTG = 0, the input level gates the internal 
clock 


on and off. 
If the 
input 
pin is HIGH, 
the timer 
will 


count; 
if the input pin is LOW, the timer will hold its 


value. As indicated 
previously, 
the input signal 
may 


be asynchronous 
with respect 
to the 80C186 
clock. 


When RTG = 1, the input pin detects 
LOW-to-HIGH 


transitions. 
The first such transition 
starts 
the timer 


running, 
clearing 
the timer value to zero on the first 


clock, 
and 
then 
incrementing 
thereafter. 
Further 


transitions 
on the input pin will again reset the timer 


to zero, from which 
it will start counting 
up again. 
If 


CaNT 
= 0, when the timer has reached 
maximum 


count, 
the 
EN bit will be cleared, 
inhibiting 
further 


timer activity. 


The 
enable 
bit provides 
programmer 
control 
over 


the timer's 
RUN/HALT 
status. When set, the timer is 


enabled 
to increment 
subject 
to the input 
pin con- 


straints 
in the internal 
clock 
mode (discussed 
previ- 


ously). When cleared, 
the timer will be inhibited 
from 


counting. 
All input pin transistions 
during the time EN 


is zero will be ignored. 
If CaNT 
is zero, the EN bit is 


automatically 
cleared 
upon maximum 
count. 


The 
inhibit 
bit allows 
for selective 
updating 
of the 


enable (EN) bit. If INH is a one during the write to the 
mode/control 
word, then the state of the EN bit will 


be modified 
by the write. If INH is a zero during the 


write, the EN bit will be unaffected 
by the operation. 


This bit is not stored; 
it will always be a 0 on a read. 


When 
set, the 
INT bit enables 
interrupts 
from 
the 


timer, 
which 
will 
be 
generated 
on 
every 
terminal 


count. 
If the timer is configured 
in dual MAX COUNT 


register 
mode, 
an interrupt 
will be generated 
each 


time the value in MAX COUNT register A is reached, 
and each time the value in MAX COUNT register 
B is 


reached. 
If this enable 
bit is cleared 
after the inter- 


rupt request 
has been generated, 
but before a pend- 
ing interrupt 
is serviced, 
the interrupt 
request 
will still 


be in force. 
(The request 
is latched 
in the Interrupt 


Controller). 


The 
Maximum 
Count 
bit is set whenever 
the timer 


reaches 
its final maximum 
count value. If the timer is 


configured 
in dual MAX COUNT 
register 
mode, this 


bit will be set each time the value 
in MAX COUNT 


register 
A is reached, 
and 
each 
time 
the value 
in 


MAX COUNT 
register 
B is reached. 
This 
bit is set 


inter 


regardless of the timer's interrupt-enable bit. The 
MC bit gives the user the ability to monitor timer 
status through software instead of through inter- 
rupts. 


The 
Register 
In Use bit 
indicates which 
MAX 


COUNT register is currently being used for compari- 
son to the timer count value. A zero value indicates 
register A. The RIU bit cannot be written, i.e., its 
value is not affected when the control register is writ- 
ten. It is always cleared when the ALT bit is zero. 


Not all mode bits are provided for timer 2. Certain 
bits are hardwired as indicated below: 


Each of the three timers has a 16-bit count register. 
The current contents of this register may be read or 
written by the processor at any time. If the register is 
written into while the timer is counting,the new value 
will take effect in the current count cycle. 


Max Count Registers 


Timers 0 and 1 have two MAX COUNT registers, 
while timer 2 has a single MAX COUNT register. 
These contain the number of events the timer will 
count. In timers 0 and 1, the MAX COUNT register 
used can alternate between the two max count val- 
ues 
whenever 
the 
current 
maximum count 
is 


reached. The condition which causes a timer to re- 
set is equivalent between the current count value 
and the max count being used. This means that if 
the count is changed to be above the max count 
value, or if the max count value is changed to be 
below the current value, the timer will not reset to 
zero, but rather will count to its maximum value, 
"wrap around" to zero, then count until the max 
count is reached. 


Upon RESET, the Timers will perform the following 
actions: 
• All EN (Enable) bits are reset preventing timer 
counting. 
• All SEL (Select) bits are reset to zero. This se- 
lects MAX COUNT register A, resulting in the 
Timer Out pins going HIGH upon RESET. 


The 80C186 can receive interrupts from a number of 
sources, both internal and external. The internal in- 
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 


Internal interrupt sources (Timers and DMA chan- 
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
80C186 interrupt controller has its own control regis- 
ter that set the mode of operation for the controller. 


The interrupt controller will resolve priority among 
requests that are pending simultaneously. Nesting is 
provided so interrupt service routines for lower priori- 
ty interrupts may themselves be interrupted by high- 
er priority interrupts. A block diagram of the interrupt 
controller is shown in Figure 21. 


The 80C186 has a special slave mode in which the 
internal interrupt controller acts as a slave to an ex- 
ternal master. The controller is programmed into this 
mode by setting bit 14 in the peripheral control block 
relocation register. (See Slave Mode section.) 


For external interrupt sources, five dedicated pins 
are provided. One of these pins is dedicated to NMI, 
non-maskable interrupt. This is typically used for 
power-fail interrupts, etc. The other four pins may 
function either as four interrupt input lines with inter- 
nally generated interrupt vectors, as an interrupt line 
and an interrupt acknowledge line (called the "cas- 
cade mode") along with two other input lines with 
internally generated interrupt vectors, or as two in- 
terrupt input lines and two dedicated interrupt ac- 
knowledge output lines. When the interrupt lines are 
configured in cascade mode, the 80C186 interrupt 
controller will not generate internal interrupt vectors. 


External sources in the cascade mode use external- 
ly generated interrupt vectors. When an interrupt is 
acknowledged, two INTA cycles are initiated and the 
vector is read into the 80C186 on the second cycle. 
The capability to interface to external 82C59A pro- 
grammable interrupt controllers 
is thus provided 


when the inputs are configured in cascade mode. 


Interrupt 
Controller 
Modes of 
Operation 


The basic modes of operation of the interrupt con- 
troller in master mode are similar to the 82C59A. 
The interrupt controller responds indentically to in- 
ternal interrupts in all three modes: the difference is 
only in the interpretation of function of the four exter- 
nal interrupt pins. The interrupt controller is set into 
one of these three modes by programming the cor- 
rect bits in the INTOand INT1 control registers. The 
modes of interrupt controller operation are as fol- 
lows: 


Fully Nested 
Mode 


When in the fully nested mode four pins are used as 
direct interrupt requests as in Figure 22. The vectors 
for these four inputs are generated internally. An in- 
service bit is provided for every interrupt source. If a 
lower-priority device requests an interrupt while the 
in service bit (IS) is set, no interrupt will be generat- 
ed by the interrupt controller. In addition, if another 
interrupt request occurs from the same interrupt 
source while the in-service bit is set, no interrupt will 
be generated by the interrupt controller. This allows 
interrupt service routines to operate with interrupts 
enabled without being themselves interrupted by 
lower-priority interrupts. Since interrupts are en- 
abled, higher-priority interrupts will be serviced. 


When a service routine is completed, the proper IS 
bit must be reset by writing the proper pattern to the 
EOI register. This is required to allow subsequent 
interrupts from this interrupt source and to allow 
servicing of lower-priority interrupts. An EOI com- 


mand is issued at the end of the service routine just 
before the issuance of the return from interrupt in- 
struction. If the fully nested structure has been up- 
held, the next highest-priority source with its IS bit 
set is then serviced. 


Cascade 
Mode 


The 80C186 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the 
four pins are used as direct interrupt inputs and the 
corresponding vectors are generated internally. In 
the cascade mode, the four pins are configured into 
interrupt input-dedicated acknowledge signal pairs. 
The interconnection is shown in Figure 23. INTO is 
an interrupt input interfaced to an 82C59A, while 
INT211NTAOserves as the dedicated interrupt ac- 
knowledge signal to that peripheral. The same is 
true for INT1 and INT3/INTA1. Each pair can selec- 
tively be placed in the cascade or non-cascade 
mode by programming the proper value into INTO 
and INT1 control registers. The use of the dedicated 
acknowledge signals eliminates the need for the use 
of external logic to generate INTA and device select 
signals. 


The primary cascade mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 82C59As. 
Three levels of priority are created, requiring priority 
resolution in the 80C186 interrupt controller, the 
master 82C59As, and the slave 82C59As. If an ex- 
ternal interrupt is serviced, one IS bit is set at each 
of these levels. When the interrupt service routine is 
completed, up to three end-of-interrupt commands 
must be issued by the programmer. 


INTO 


INn 


80C186 


INT2 


INT3 


INTERRUPT SOURCE 


INTERRUPT SOURCE 


INTERRUPT SOURCE 


INTERRUPT SOURCE 


270354-22 


Figure 22. Fully Nested (Direct) 
Mode Interrupt 


Controller 
Connections 


Special 
Fully Nested 
Mode 


This mode is entered by setting the SFNM bit in 
INTO or INT1 control register. It enables complete 
nestability with external 82C59A masters. Normally, 
an interrupt request from an interrupt source will not 
be recognized unless the in-service bit for that 
source is reset. If more than one interrupt source is 
connected to an external interrupt controller, all of 
the interrupts will be funneled through the same 
80C186 interrupt request pin. As a result, if the ex- 
ternal interrupt controller receives a higher-priority 
interrupt, its interrupt will not be recognized by the 
80C186 controller until the 80C186 in-service bit is 
reset. In special fully nested mode, the 80C186 in- 
terrupt controller will allow interrupts from an exter- 
nal pin regardless of the state of the in-service bit for 
an interrupt source in order to allow multiple inter- 
rupts from a single pin. An in-service bit will continue 
to be set, however, to inhibit interrupts from other 
lower-priority 80C186 interrupt sources. 


Special procedures should be followed when reset- 
ting IS bits at the end of interrupt service routines. 
Software polling of the external master's IS register 
is required to determine if there is more than one bit 
set. If so, the IS bit in the 80C186 remains active and 
the next interrupt service routine is entered. 


The controller may be used in a polled mode if inter- 
rupts are undesirable. When polling, the processor 
disables interrupts and then polls the interrupt con- 
troller whenever it is convenient. Polling the interrupt 
controller is accomplished by reading the Poll Word 
(Figure 32). Bit 15 in the poll word indicates to the 
processor that an interrupt of high enough priority is 
requesting service. Bits 0-4 indicate to the proces- 
sor the type vector of the highest-priority source re- 
questing service. Reading the Poll Word causes the 
In-Service bit of the highest priority source to be set. 


It is desirable to be able to read the Poll Word infor- 
mation without guaranteeing service of any pending 


interrupt, Le., not set the indicated in-service bit. The 
80C186 provides a Poll Status Word in addition to 
the conventional Poll Word to allow this to be done. 
Poll Word information is duplicated in the Poll Status 
Word, but reading the Poll Status Word does not set 
the associated in-service bit. These words are locat- 
ed in two adjacent memory locations in the register 
file. 


Programmable 
Priority 


The user can program the interrupt sources into any 
of eight different priority levels. The programming is 
done by placing a 3-bit priority level (0-7) in the con- 
trol register of each interrupt source. (A source with 
a priority level of 4 has higher priority over all priority 
levels from 5 to 7. Priority registers containing values 
lower than 4 have greater priority). All interrupt 
sources have preprogrammed default priority levels 
(see Table 4). 


If two requests with the same programmed priority 
level are pending at once, the priority ordering 
scheme shown in Table 4 is used. If the serviced 
interrupt routine reenables interrupts, it allows other 
requests to be serviced. 


End-of-Interrupt 
Command 


The end-of-interrupt (EOI) command is used by the 
programmer to reset the In-Service (IS) bit when an 
interrupt service routine is completed. The EOI com- 
mand is issued by writing the proper pattern to the 
EOI register. There are two types of EOI commands, 
specific and nonspecific. The nonspecific command 
does not specify which IS bit is reset. When issued, 
the interrupt controller automatically resets the IS bit 
of the highest priority source with an active service 
routine. A specific EOI command requires that the 
programmer send the interrupt vector type to the in- 
terrupt controller indicating which source's IS bit is 
to be reset. This command is used when the fully 
nested structure has been disturbed or the highest 
priority IS bit that was set does not belong to the 
service routine in progress. 


Trigger 
Mode 


The four external interrupt pins can be programmed 
in either edge- or level-trigger mode. The control 
register for each external source has a level-trigger 
mode (LTM) bit. All interrupt inputs are active HIGH. 
In the edge sense mode or the level-trigger mode, 
the interrupt request must remain active (HIGH) until 
the 
interrupt 
request 
is 
acknowledged 
by 
the 


inter 
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80C186 
CPU. In the edge-sense 
mode, 
if the level 


remains high after the interrupt 
is acknowledged, 
the 


input is disabled 
and no further 
requests 
will be gen- 
erated. The input level must go LOW for at least one 
clock cycle to reenable 
the input. In the level-trigger 


mode, no such provision 
is made: holding 
the inter- 


rupt input 
HIGH will cause 
continuous 
interrupt 
re- 


quests. 


Interrupt 
Vectoring 


The 80C186 
Interrupt 
Controller 
will generate 
inter- 
rupt vectors 
for the integrated 
DMA channels 
and 


the integrated 
Timers. 
In addition, 
the Interrupt 
Con- 


troller will generate 
interrupt 
vectors 
for the external 


interrupt 
lines if they are not configured 
in Cascade 


or Special 
Fully Nested 
Mode. The interrupt 
vectors 


generated 
are fixed and cannot 
be changed 
(see Ta- 


ble 4). 


The 
Interrupt 
Controller 
register 
model 
is shown 
in 


Figure 24. It contains 
15 registers. 
All registers 
can 


both be read or written 
unless specified 
otherwise. 


In-Service 
Register 


This register 
can be read from 
or written 
into. The 


format 
is shown in Figure 25. It contains 
the In-Serv- 


ice bit for each of the interrupt 
sources. 
The In-Serv- 
ice bit is set to indicate 
that a source's 
service 
rou- 


tine is in progress. 
When an In-Service 
bit is set, the 


interrupt 
controller 
will not generate 
interrupts 
to the 


CPU when it receives 
interrupt 
requests 
from devic- 


es with a lower programmed 
priority level. The TMR 


bit is the 
In-Service 
bit for all three 
timers; 
the DO 


and D1 bits are the In-Service 
bits for the two DMA 


channels; 
the 
10-13 are the 
In-Service 
bits for the 


external 
interrupt 
pins. The 
IS bit is set when 
the 


processor 
acknowledges 
an interrupt 
request 
either 


by an interrupt 
acknowledge 
or by reading 
the poll 


register. The IS bit is reset at the end of the interrupt 
service 
routine 
by an end-of-interrupt 
command 
is- 


sued by the CPU. 


The internal 
interrupt 
sources 
have interrupt 
request 


bits inside the interrupt 
controller. 
The format 
of this 


register is shown in Figure 25. A read from this regis- 
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt 
requests. 
DO and D1 


are the interrupt 
request 
bits for the DMA channels. 


The state of the external 
interrupt 
input pins is also 


indicated. 
The state of the external 
interrupt 
pins is 


not a stored condition 
inside the interrupt 
controller, 


therefore 
the external 
interrupt 
bits cannot 
be writ- 


ten. The external 
interrupt 
request 
bits show exactly 


when 
an interrupt 
request 
is given 
to the 
interrupt 


controller, 
so if edge-triggered 
mode is selected, 
the 


bit in the register will be HIGH only after an inactive- 
to-active 
transition. 
For 
internal 
interrupt 
sources, 


the register 
bits are set when a request 
arrives 
and 


are reset when the processor 
acknowledges 
the re- 


quests. 


Writes to the interrupt 
request 
register 
will affect the 


DO and D1 interrupt 
request 
bits. Setting 
either 
bit 


will cause the corresponding 
interrupt 
request 
while 


clearing 
either bit will remove 
the corresponding 
in- 


terrupt request. 
All other bits in the register are read- 


only. 


Mask Register 


This is a 16-bit register 
that contains 
a mask bit for 


each interrupt 
source. 
The format 
for this register 
is 


shown 
in Figure 
25. A one 
in a bit position 
corre- 


sponding to a particular source serves to mask the 
source from generating interrupts. These mask bits 
are the exact same bits which are used in the indi- 
vidual control registers; programming a mask bit us- 
ing the mask register will also change this bit in the 
individual control registers, and vice versa. 
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REGISTER 
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INTERRUPT 
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Figure 24. Interrupt Controller Registers 


(Master Mode) 
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Priority Mask Register 


This register is used to mask all interrupts below par- 
ticular interrupt priority levels. The format of this reg- 
ister is shown in Figure 26. The code in the lower 
three bits of this register inhibits interrupts of priority 
lower (a higher priority number) than the code speci- 
fied. For example, 100 written into this register 
masks interrupts of level five (101), six (110), and 
seven (111). The register is reset to seven (111) 
upon RESET so no interrupts are masked due to 
priority number. 


Interrupt Status Register 


This register contains general interrupt controller 
status information. The format of this register is 
shown in Figure 27. The bits in the status register 
have the following functions: 
DHLT: DMA Halt Transfer; setting this bit halts all 


DMA transfers. It is automatically set when- 
ever a non-maskable interrupt occurs, and it 
is reset when an IRET instruction is execut- 
ed. The purpose of this bit is to allow prompt 
service of all non-maskable interrupts. This 
bit may also be set by the programmer. 


IRTx: These three bits represent the individual tim- 


er interrupt request bits. These bits are used 
to differentiate the timer interrupts, since the 
timer IR bit in the interrupt request register is 
the "OR" function of all timer interrupt re- 
quest. Note that setting anyone 
of these 


three bits initiates an interrupt request to the 
interrupt controller. 
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Figure 26. Priority Mask Register Format 


15 
14 
7 
6 
5 
4 
3 
2 
1 
0 


IOHLTI 
0 
I . 
0 
0 
0 
0 
0 
IIRT2 
IIRT1 
IIRTO 
I 


Figure 27. Interrupt Status Register Format (Master Mode) 
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Figure 
28. Timer/DMA 
Control 
Registers 
Formats 
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Figure 
29. INTO/INT1 
Control 
Register 
Formats 
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Figure 
30. INT2/1NT3 
Control 
Register 
Formats 


Timer, 
DMA 0,1; 
Control 
Register 


These 
registers 
are the control 
words for all the in- 


ternal 
interrupt 
sources. 
The format 
for these 
regis- 


ters 
is shown 
in Figure 
28. The three 
bit positions 


PRO, PR1, and PR2 represent 
the programmable 
pri- 


ority level of the interrupt 
source. 
The MSK bit inhib- 


its interrupt 
requests 
from the interrupt 
source. 
The 


MSK bits in the individual 
control 
registers 
are the 


exact same bits as are in the Mask Register; 
modify- 


ing them 
in the individual 
control 
registers 
will also 


modify them in the Mask Register, 
and vice versa. 


INTO·INT3 
Control 
Registers 


These 
registers 
are the control 
words 
for the four 


external 
input 
pins. 
Figure 
29 shows 
the format 
of 


the 
INTO and 
INT1 
Control 
registers; 
Figure 
30 


shows the format 
of the INT2 and INT3 Control 
reg- 


isters. 
In 
cascade 
mode 
or 
special 
fully 
nested 


mode, the control 
words for INT2 and INT3 are not 


used. 


The bits in the various control 
registers 
are encoded 


as follows: 


PRO-2: 
Priority 
programming 
information. 
Highest 


Priority = 000, Lowest 
Priority = 111 


LTM: 
Level-trigger 
mode bit. 1 = level-triggered; 
o = edge-triggered. 
Interrupt 
Input 
levels 


are active high. In level-triggered 
mode, an 


interrupt 
is generated 
whenever 
the exter- 


nal line is high. In edge-triggered 
mode, an 


interrupt 
will be generated 
only when 
this 


MSK: 


C: 


level 
is preceded 
by an inactive-to-active 


transition 
on the 
line. 
In both 
cases, 
the 


level must remain 
active 
until the interrupt 


is acknowledged. 


Mask bit, 1 = mask; 0 = non-mask. 


Cascade 
mode bit, 1 = cascade; 
0 = di- 


rect 


Special 
fully nested 
mode bit, 1 = SFNM 


EOI Register 


The end of the interrupt 
register 
is a command 
regis- 


ter which can only be written 
into. The format 
of this 


register 
is shown 
in Figure 
30. 
It initiates 
an EOI 


command 
when written 
to by the 80C186 
CPU. 


The bits in the EOI register 
are encoded 
as follows: 


Sx: 
Encoded 
information 
that 
specifies 
an in- 


terrupt 
source 
vector 
type as shown 
in Ta- 


ble 4. For example, 
to reset the In-Service 


bit for DMA channel 
0, these bits should be 


set to 01010, since the vector type for DMA 
channel 
0 is 10. 


NOTE: 


To reset the single In-Service 
bit for any of 


the three timers, the vector 
type for timer 0 


(8) should 
be written 
in this register. 


NSPEC/: 
A bit that determines 
the type of EOI com- 


SPEC 
mand. Nonspecific 
= 1, Specific 
= O. 


inter 


Poll and Poll Status 
Registers 


These registers contain polling information. The for- 
mat of these registers is shown in Figure 32. They 
can only be read. Reading the Poll register consti- 
tutes a software poll. This will set the IS bit of the 
highest priority pending interrupt. Reading the poll 
status register will not set the IS bit of the highest 
priority pending interrupt; only the status of pending 
interrupts will be provided. 


Encoding of the Poll and Poll Status register bits are 
as follows: 
Sx: 
Encoded information that indicates the 
vector type of the highest priority inter- 
rupting source. Valid only when INTREQ 
= 1. 


INTREQ: This bit determines if an interrupt request 


is present. Interrupt Request = 1; no In- 
terrupt Request = O. 


When slave mode is used, the internal80C186 inter- 
rupt controller will be used as a slave controller to an 
external master interrupt controller. The internal 
80C186 resources will be monitored by the internal 
interrupt controller, while the external controller 
functions as the system master interrupt controller. 


Upon reset, the 80C186 will be in master mode. To 
provide for slave mode operation bit 14 of the relo- 
cation register should be set. 


Because of pin limitations caused by the need to 
interface to an external 82C59A master, the internal 
interrupt controller will no longer accept external in- 
puts. There are however, enough 80C186 interrupt 
controller inputs (internally) to dedicate one to each 
timer. In this mode, each timer interrupt source has 
its own mask bit, IS bit, and control word. 


In slave mode each peripheral must be assigned a 
unique priority to ensure proper interrupt controller 
operation. Therefore, it is the programmer's respon- 
sibility to assign correct priorities and initialize inter- 
rupt control registers before enabling interrupts. 


The configuration of the 80C186 with respect to an 
external 82C59A master is shown in Figure 33. The 
INTO(Pin45) input is used as the 80C186 CPU inter- 
rupt input. INT3 (Pin 41) functions as an output to 
send the 80C186 slave-interrupt-request to one of 
the 8 master-PIC-inputs. 
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_INTERRUPT 
SOURCES 
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CASCADE 
ADDRESS 
DECODER 


Correct master-slave interface requires decoding of 
the slave addresses (CASO-2).Slave 82C59As do 
this 
internally. 
Because 
of 
pin 
limitations, the 


80C186 slave address will have to be decoded ex- 
ternally. INT1 (Pin 44) is used as a slave-select in- 
put. Note that the slave vector address is transferred 
internally, but the READY input must be supplied ex- 
ternally. 


INT2 (Pin 42) is used as an acknowledge output, 
suitable to drive the INTA input of an 82C59A. 


Slave mode operation allows nesting of interrupt re- 
quests. When an interrupt is acknowledged, the pri- 
ority logic masks off all priority levels except those 
with equal or higher priority. 


Vector generation in slave mode is exactly like that 
of an 82C59A slave. The interrupt controller gener- 
ates an 8-bit vector which the CPU multiplies by four 
and uses as an address into a vector table. The sig- 
nificant five bits of the vector are user-programma- 
ble while the lower three bits are generated by the 
priority logic. These bits represent the encoding of 
the priority level requesting service. The significant 
five bits of the vector are programmed by writing to 
the Interrupt Vector register at offset 20H. 


In slave mode the specific EOI command operates 
to reset an in-service bit of a specific priority. The 
user supplies a 3-bit priority-level value that points to 
an in-service bit to be reset. The command is exe- 
cuted by writing the correct value in the Specific EOI 
register at offset 22H. 


Interrupt Controller 
Registers 


in the Slave Mode 


All control and command registers are located inside 
the internal peripheral control 
block. 
Figure 34 


shows the offsets of these registers. 


End-of-Interrupt 
Register 


The end-of-interrupt register is a command register 
which can only be written. The format of this register 
is shown in Figure 35. It initiates an EOI command 
when written by the 80C186 CPU. 


The bits in the EOI register are encoded as follows: 
Lx: 
Encoded value indicating the priority of the IS 
bit to be reset. 


inter 
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Figure 35. Specific EOI Register Format 
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Figure 36. In-Service, Interrupt Request, and Mask Register Format 


In-Service Register 


This register can be read from or written into. It con- 
tains the in-service bit for each of the internal inter- 
rupt sources. The format for this register is shown in 
Figure 36. Bit positions 2 and 3 correspond to the 
DMA channels; positions 0, 4, and 5 correspond to 
the integral timers. The source's IS bit is set when 
the processor acknowledges its interrupt request. 


Interrupt 
Request Register 


This register indicates which internal peripherals 
have interrupt requests pending. The format of this 
register is shown in Figure 36. The interrupt request 
bits are set when a request arrives from an internal 
source, and are reset when the processor acknowl- 
edges the request. As in master mode, DOand D1 
are read/write; all other bits are read only. 


Mask Register 


The register contains a mask bit for each interrupt 
source. The format for this register is shown in Fig- 
ure 36. If the bit in this register corresponding to a 
particular interrupt source is set, any interrupts from 
that source will be masked. These mask bits are ex- 
actly the same bits which are used in the individual 
control registers, i.e., changing the state of a mask 
bit in this register will also change the state of the 
mask bit in the individual interrupt control register 
corresponding to the bit. 


Control Registers 


These registers are the control words for all the in- 
ternal interrupt sources. The format of these regis- 
ters is shown in Figure 37. Each of the timers and 
both of the DMA channels have their own Control 
Register. 


The bits of the Control Registers are encoded as 
follows: 
prx: 
3-bit encoded field indicating a priority level 
for the source; note that each source must be 
programmed at specified levels. 


msk: mask bit for the priority level indicated by prx 


bits. 
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Figure 34. Interrupt Controller Registers 


(Slave Mode) 
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Interrupt 
Vector 
Register 


This register provides the upper five bits of the inter- 
rupt vector address. The format of this register is 
shown in Figure 38. The interrupt controller itself 
provides the lower three bits of the interrupt vector 
as determined by the priority level of the interrupt 
request. 


The format of the bits in this register is: 
tx: 
5-bit field indicating the upper five bits of the 
vector address. 


Priority-Level 
Mask Register 


This register indicates the lowest priority-level inter- 
rupt which will be serviced. 


The encoding of the bits in this register is: 
mx: 
3-bit encoded field indication priority-level val- 
ue. All levels of lower priority will be masked. 


Interrupt 
Status 
Register 


This register is defined as in master mode except 
that DHLT is not implemented (see Figure 27). 
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Upon RESET, the interrupt controller will perform 
the following actions: 
• All SFNM bits reset to 0, implying Fully Nested 


Mode. 
• All PR bits in the various control registers set to 1. 


This places all sources at lowest priority (level 
111). 
• All LTM bits reset to 0, resulting in edge-sense 


mode. 


• All Interrupt Service bits reset to O. 
• All Interrupt Request bits reset to O. 
• All MSK (Interrupt Mask) bits set to 1 (mask). 
• All C (Cascade) bits reset to 0 (non-cascade). 
• All PRM (Priority Mask) bits set to 1, implying no 


levels masked. 


• Initialized to master mode. 


43210 
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Figure 38. Interrupt 
Vector 
Register 
Format 
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Figure 39. Priority 
Level Mask Register 
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Enhanced Mode Operation 


In Compatible Mode the 80C186 operates with all 
the features of the NMOS 80186, with the exception 
of 8087 support (Le. no numeric coprocessing is 
possible in Compatible Mode). Queue-Status infor- 
mation is still available for design purposes other 
than 8087 support. 


All the Enhanced Mode features are completely 
masked when in Compatible Mode. A write to any of 
the Enhanced Mode registers will have no effect, 
while a read will not return any valid data. 


In Enhanced Mode, the 80C186 will operate with 
Power-Save, DRAM refresh, and numerics coproc- 
essor support in addition to all the Compatible Mode 
features. 


If connected to a numerics coprocessor, this mode 
will be invoked automatically. Without a NPX, this 
mode can be entered by tying the RESET output 
signal from the 80C186 to the TESTIBUSY input. 


The queue-status mode is entered by strapping the 
RD pin low. RD is sampled at RESET and if LOW, 
the 80C186 will reconfigure the ALE and WR pins to 
be QSO and QS1 respectively. This mode is avail- 
able on the 80C186 in both Compatible and En- 
hanced Modes and is identical to the NMOS 80186. 


DRAM Refresh Control Unit 
Description 


The Refresh Control Unit (RCU) automatically gen- 
erates DRAM refresh bus cycles. The RCU operates 
only in Enhanced Mode. After a programmable peri- 
od of time, the RCU generates a memory read re- 
quest to the BIU. If the address generated during a 
refresh bus cycle is within the range of a properly 
programmed chip select, that chip select will be actio 
vated when the BIU executes the refresh bus cycle. 
The ready logic and wait states programmed for that 
region will also be in force. If no chip select is actio 
vated, then external ready is automatically required 
to terminate the refresh bus cycle. 


If the HLDA pin is active when a DRAM refresh re- 
quest is generated (indicating a bus hold condition), 
then the 80C186 will deactivate the HLDA pin in or· 
der to perform a refresh cycle. The circuit external to 
the 80C186 must remove the HOLD signal in order 
to execute the refresh cycle. The sequence of HLDA 
going inactive while HOLD is being held active can 
be used to signal a pending refresh request. 


All registers controlling DRAM refresh may be read 
and written in Enhanced Mode. When the processor 
is operating in Compatible Mode, they are deselect· 
ed and are therefore inaccessible. Some fields of 
these registers cannot be written and are always 
read as zeros. 


The address generated during a refresh cycle is de- 
termined by the contents of the MDRAM register 
(see Figure 40) and the contents of a 9·bit counter. 
Figure 41 illustrates the origin of each bit. 


Bits 0-8: 
Reserved, read back as O. 


Bits 9-15: 
MO-M6, are address bits A13-A 19 of the 20·bit memory refresh address. These bits should 
correspond to the chip select address to be activated for the DRAM partition. These bits are 
set to 0 on RESET. 
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A2 
Al 
AO 
I MS I M5 I M4 I M3 I M2 I M1 I MO I 
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0 
I 
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CA21 
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M6-MO: Bits defined by MDRAM Register 


CA8-CAO: Bits defined by refresh address counter 


Figure 41. Addresses 
Generated 
by RCU 
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Bits 0-8: 
CO-C8, 
clock 
divisor 
register, 
holds the number 
of CLKOUT 
cycles 
between 
each 
refresh 
request. 


Bits 9-15: 
Reserved, 
read back as O. 


Figure 42. Clock Pre-Scaler 
Register 


Bits 0-8: 


Bits 9-14: 


Bit 15: 


TO- T8, refresh 
clock counter 
outputs. 
Read only. 


Reserved, 
read back as O. 


Enable 
RCU, set to 0 on RESET. 


Figure 43. Enable RCU Register 


Refresh Control Unit Programming 
and 


Operation 


After 
programming 
the 
MDRAM 
and 
the 
CDRAM 


registers 
(Figures 40 and 42), the RCU is enabled 
by 


setting 
the 
"E" 
bit in the 
EDRAM 
register 
(Figure 


43). The clock 
counter 
(TO- T8 of EDRAM) 
will be 


loaded from CO-C8 
of CDRAM 
during T3 of instruc- 


tion cycle that sets the "E" 
bit. The clock counter 
is 


then decremented 
at each subsequent 
CLKOUT. 


A refresh is requested 
when the value of the counter 


has 
reached 
1 and 
the 
counter 
is reloaded 
from 


CDRAM. 
In order to avoid missing refresh 
requests, 
the value in the CDRAM register should always be at 
least 
18 (12H). Clearing 
the "E" 
bit at anytime 
will 


clear the counter 
and stop refresh 
requests, 
but will 


not reset the refresh 
address 
counter. 


Power Save Operation 


The 80C186, 
when in Enhanced 
Mode, can enter a 


power saving state by internally 
dividing the clock-in 
frequency 
by a programmable 
factor. 
This 
divided 


frequency 
is also available 
at the CLKOUT 
pin. The 


PDCON 
register 
contains 
the two-bit 
fields 
for se- 


lecting the clock division 
factor 
and the enable 
bit. 


All internal 
logic, including 
the Refresh 
Control 
Unit 


and the timers, 
will have their clocks 
slowed 
down 


by the division 
factor. 
To maintain 
a real time count 


or a fixed DRAM refresh rate, these peripherals 
must 


be re-programmed 
when 
entering 
and 
leaving 
the 


power-save 
mode. 


The power-save 
mode is exited 
whenever 
an inter- 


rupt is processed 
by automatically 
resetting 
the en- 


able bit. If the power-save 
mode is to be re-entered 


after serving the interrupt, 
the enable bit will need to 


be reset in software 
before 
returning 
from the inter- 


rupt routine. 


The internal 
clocks 
of the 80C186 
will begin 
to be 


divided 
during 
the T3 state 
of the instruction 
cycle 


that sets the enable 
bit. Clearing 
the enable 
bit will 


restore 
full speed 
in the T3 state of that instruction. 


At no time 
should 
the 
internal 
clock 
frequency 
be 


allowed 
to fall below 0.5 MHz. This is the minimum 


operational 
frequency 
of the 80C186. 
For example, 


an 80C186 
running 
with a 12 MHz crystal 
(6 MHz 


CLOCKOUT) 
should 
never 
have 
a 
clock 
divisor 


greater 
than eight. 


Clock Divisor Select 
F1 
FO 
Division Factor 


o 
0 
divide by 1 


o 
1 
divide by 4 


1 
0 
divide by 8 


1 
1 
divide by 16 


Reserved, read back as zero. 
Enable Power Save Mode. Set to zero on RESET. 


Figure 44. Power-Save 
Control 
Register 


Bits 2-14: 
Bit 15: 


Numeric 
Coprocessor 
(NPX) 


Extension 


Three of the mid-range memory chip selects are re- 
defined according to Table 16 when using the nu- 
merics coprocessor extension. The fourth chip se- 
lect, MCS2 functions as 'in compatible mode, and 
may be programmed for activity with ready logic and 
wait states accordingly. As in compatible mode, 
MCS2 will function for one-fourth a programmed 
block size. 


Table 
16. MCS Assignments 


Compatible 
Enhanced 
Mode 
Mode 


MCSO 
PEREO Processor Extension Request 


MCS1 
ERROR NPX Error 


MCS2 
MCS2 
Mid-Range Chip Select 


MCS3 
NPS 
Numeric Processor Select 


Four port addresses are assigned to the NPXfor 16- 
bit reads and writes by the 80C186. Table 17 shows 
the port definitions. These ports are not accessible 
by using the 80C186 I/O instructions. However, nu- 
merics operations will cause a PCS line to be acti- 
vated if it is properly programmed for this I/O range. 


Table 
17. Numerics 
Coprocessor 
I/O Port 


Assignments 


I/O Address 
Read Definition 
Write Definition 


OOF8H 
Status/Control 
Opcode 


OOFAH 
Data 
Data 


OOFCH 
reserved 
CS:IP, DS:EA 


OOFEH 
Opcode Status 
reserved 


To facilitate testing and inspection of devices when 
fixed into a target system, the 80C186 has a test 
mode available which allows all pins to be placed in 
a high-impedance state. "ONCE" stands for "ON 
Circuit Emulation". When placed in this mode, the 
80C186 will put all pins in the high-impedance state 
until RESET. 


The ONCE mode is selected by tying the UCS and 
the LCS LOW during RESET. These pins are sam- 
pled on the low-to-high transition of the RES pin. 
The UCS and the LCS pins have weak internal pull- 
up resistors similar to the RD and TEST/BUSY pins 
to guarantee proper normal operation. 


inter 


32 MHz 
o 


MClii-3 


&HE 


SRDY 
·5V 


ARDY 


NMI 
":" 
HOLD 


":" 
~ 


TMRINO 
-5V 


TMROUTO 


INn 
IiCS4 
DROO 


DISK 
INTERFACE 
HARDWARE 
8DISK 


inter 


•Notice: Stresses above those listed under '~bso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
under Bias 
.... 
O°C to + 70°C 


Storage Temperature 
-65°C 
to + 150°C 


Voltage 
on Any Pin with 
Respect 
to Ground 
-1.0V 
to + 7.0V 


Package 
Power Dissipation 
3W 


NOTICE Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.2 Vcc 
- 
0.3 
V 


VIH 
Input High Voltage 
0.2 Vcc + 0.9 
VCC + 0.5 
V 


(All except X1 and RES) 


VIH1 
Input High Voltage 
(RES) 
3.0 
Vcc + 0.5 
V 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 2.5 mA (SO, 1, 2) 
IOL = 2.0 mA (others) 


VOH 
Output High Voltage 
2.4 
Vcc 
V 
IOH = -2.4 
mA @ 2.4V 


0.8 Vcc 
Vcc 
V 
IOH = -200 
fJoA@ 0.8 Vcc 


Icc 
Power Supply Current 
150 
mA 
@ 12.5 MHz, O°C 
Vcc = 5.5V 


IpS 
Power Save Current 
10 mA per MHz + 20 
mA 
Typical 
@25°C, Vcc = 5.0V 


III 
Input Leakage Current 
±10 
fJoA 
0.45V ~ VIN ~ Vcc 


ILO 
Output Leakage Current 
±10 
fJoA 
0.45V ~ VOUT ~ VCC<1) 


VCLO 
Clock Output Low 
0.5 
V 
ICLO = 4.0mA 


VCHO 
Clock Output High 
0.8 Vcc 
V 
ICHO = - 500 fJoA 


VCLl 
Clock Input Low Voltage 
(X1) 
-0.5 
0.6 
V 


VCHI 
Clock Input High Voltage 
(X1) 
3.9 
Vcc + 0.5 
V 


CIN 
Input Capacitance 
10 
pF 
@ 1 MHz(2) 


CIO 
I/O Capacitance 
20 
pF 
@ 1 MHz(2) 


NOTES: 
1. Pins being floated during HOLD or by invoking the ONCE Mode. 
2. Characterization conditions are a) Frequency = 1 MHz; b) Unmeasured pins at GND; c) VIN at + 5.0V or 0.45V. This 
parameter is not tested. 


PIN TIMINGS 
ADVANCE INFORMATION-SEE 
INTEL FOR DESIGN-IN INFORMATION 


A.C. CHARACTERISTICS 


TA = O·C to + 70·C, VCC = 5V ± 10% except 
VCC = 5V ±5% 
at 16 MHz 


All timings 
are measured 
at 1.5V and 100 pF loading 
on CLKOUT 
unless otherwise 
noted. 
All output 
test conditions 
are with CL = 50-200 
pF (10 MHz) and CL = 50-100 
pF (12.5-16 
MHz). 
Input VIL = 0.45V and VIH = 2.4V for A.C. tests. 


Symbol 
Parameter 
80C186-10 
80C186-12 
80C186-16 
Unit 
Test 


I 
Mln 
Max I 
Mln 
Max 
Mln 
Max 
Conditions 


80C186 
TIMING 
REQUIREMENTS 


TDVCL 
Data In Setup (AID) 
15 
15 
10 
ns 


TCLDX 
Data In Hold (AID) 
5 
5 
5 
ns 


TARYCH 
ARDY Resolution 
Transition 
15 
15 
15 
ns 
Setup Time(1) 


TARYLCL 
Asynchronous 
Ready (ARDY) 
25 
25 
25 
ns 
Setup Time 


TCLARX 
ARDY Active 
Hold Time 
15 
15 
15 
ns 


TARYCHL 
ARDY 
Inactive 
15 
15 
15 
ns 
Hold Time 


TSRYCL 
Synchronous 
Ready 
15 
15 
15 
ns 
(SRDY) Transition 
Setup Time(l) 


TCLSRY 
SRDY Transition 
15 
15 
15 
ns 
Hold Time 


THVCL 
HOLD Setup(l) 
15 
15 
15 
ns 


TINVCH 
INTR, NMI, TEST, TMR IN 
15 
15 
15 
ns 
Setup Time(1) 


TINVCL 
DROO, DR01, 
Setup 
15 
15 
15 
ns 
Time(1) 


80C186 
MASTER 
INTERFACE 
TIMING 
RESPONSES 


TCLAV 
Address 
Valid Delay 
5 
50 
5 
36 
5 
33 
ns 
CL =50 
pF 


TCLAX 
Address 
Hold 
0 
0 
0 
ns 
-200 
pF all 


TCLAZ 
Address 
Float Delay 
TCLAX 
30 
TCLAX 
25 
TCLAX 
20 


outputs 
ns 
(except 


TCHCZ 
Command 
Lines 
40 
33 
28 
ns 
TCLTMV) @ 


Float Delay 
10MHz 


TCHCV 
Command 
Lines Valid 
45 
37 
32 
ns 
Delay (after Float) 


TLHLL 
ALE Width (min) 
TCLCL - 
30 
TCLCL - 
30 
TCLCL - 
30 
ns 
CL =50 
pF 


TCHLH 
ALE Active 
Delay 
30 
25 
20 
ns 
-100 
pF all 


TCHLL 
ALE Inactive 
Delay 
30 
25 


outputs 


20 
ns 
@ 12.5& 


hLAX 
Address 
Hold to 
TCHCL - 
20 
TCHCL - 
15 
TCHCL - 
15 
ns 
16MHz 
ALE Inactive 
(min) 


TCLDV 
Data Valid Delay 
5 
40 
5 
36 
5 
33 
ns 


TCLDOX 
Data Hold Time 
5 
5 
5 
ns 


TWHDX 
Data Hold after WR (min) 
TCLCL - 
34 
TCLCL - 
20 
TCLCL - 
20 
ns 


TCVCTV 
Control 
Active 
Delay 1 
5 
56 
5 
47 
5 
31 
ns 


TCHCTV 
Control 
Active 
Delay 2 
5 
44 
5 
37 
5 
31 
ns 


TCVCTX 
Control 
Inactive 
Delay 
5 
44 
5 
37 
5 
31 
ns 


TCVDEX 
DEN Inactive 
Delay 
5 
56 
5 
47 
5 
35 
ns 
(Non-Write 
Cycle) 


NOTE: 
1. To guarantee 
recognition 
at next clock. 


inter 


TA = O°C to + 70°C, VCC = 5V ±10% 
except 
VCC = 5V ±5% 
at 16 MHz 


All timings 
are measured 
at 1.5V and 100 pF loading 
on CLKOUT 
unless 
otherwise 
noted. 
All output 
test conditions 
are with CL = 50-200 
pF (10 MHz) and CL = 50-100 
pF (12.5-16 
MHz). 
Input VIL = 0.45V and VIH = 2.4V for A.C. tests. 


Symbol 
Parameter 
80C186-10 
80C186-12 
80C186-16 
Unit 
Test 


Min 
I Max I 
Min 
Max 
Min 
Max 
Conditions 


80C186 
MASTER 
INTERFACE 
TIMING 
RESPONSES 
(Continued) 


TAZRL 
Address 
Float to 
0 
0 
0 
ns 
CL = 50-200 
pF 
RD Active 
all outputs 


TCLRL 
RD Active 
Delay 
5 
44 
5 
37 
5 
31 
ns 
(except 
TCLTMV) 
@10MHz 
TCLRH 
RD Inactive 
Delay 
5 
44 
5 
37 
5 
31 
ns 


TRHAV 
RD Inactive 
to 
TCLCL - 
40 
TCLCL - 
20 
TCLCL - 
20 
ns 
CL =50-100 
pF 
Address 
Active 
all outputs@ 
(min) 
12.5 & 16 MHz 


TCLHAV 
HLDA Valid Delay 
5 
40 
5 
33 
5 
25 
ns 


TRLRH 
RD Pulse Width 
2TCLCL - 
46 
2TCLCL - 
40 
2TCLCL - 
30 
ns 
(min) 


TWLWH 
WR Pulse Width 
2TCLCL - 
34 
2TCLCL - 
30 
2TCLCL - 
25 
ns 
(min) 


TAVLL 
Address 
Valid to 
TCLCH - 
19 
TCLCH - 
15 
TCLCH - 
15 
ns 
Equal 
ALE Low (min) 
Loading 


TCHSV 
Status Active 
5 
45 
5 
35 
5 
31 
ns 
Delay 


TCLSH 
Status 
Inactive 
5 
50 
5 
35 
5 
30 
ns 
Delay 


TCLTMV 
Timer Output 
Delay 
48 
40 
30 
ns 
100 pF max 
@ 10 MHz 


TCLRO 
Reset Delay 
48 
40 
30 
ns 
CL = 50-200 
pF 


TCHQSV 
Queue Status 
28 
28 
25 
ns 
All outputs 


Delay 
(exceptT 
CLTMV) 
@ 10 MHz 
TCHDX 
Status 
Hold Time 
5 
5 
5 
ns 


TAVCH 
Address 
Valid to 
0 
0 
0 
ns 
CL = 50-100 
pF 
Clock High 
All outputs 
@ 


TCLLV 
LOCK Valid/Invalid 
5 
45 
5 
40 
5 
35 
ns 
12.5& 
16 MHz 


Delay 


TDXDL 
DEN Inactive 
to 
0 
0 
0 
ns 
Equal 
DT/R 
Low 
Loading 


80C186 
CHIP-SELECT 
TIMING 
RESPONSES 


TCLCSV 
Chip-Select 
45 
33 
30 
ns 
Active 
Delay 


Tcxcsx 
Chip-Select 
TCLCH - 
10 
TCLCH - 
10 
TCLCH - 
10 
ns 
Equal 
Hold from 
Loading 
Command 
Inactive 


TCHCSX 
Chip-Select 
5 
32 
5 
28 
5 
23 
ns 
Inactive 
Delay 


inter 


TA = O·C to + 70·C, 
VCC = 
5V ± 10% 
except 
VCC = 5V ± 5% 
at 
16 MHz 


All 
timings 
are 
measured 
at 
1.5V 
and 
100 
pF 
loading 
on 
CLKOUT 
unless 
otherwise 
noted. 


All 
output 
test 
conditions 
are 
with 
CL = 
50-200 
pF 
(10 MHz) and 
CL = 50-100 
pF 
(12.5-16 
MHz). 


Input 
VIL = 0,45V 
and 
VIH = 2,4V 
for 
A.C. 
tests. 


Symbol 
Parameter 
80C186-10 
80C186-12 
80C186-16 
Unit 
Test 


Mln 
Max 
Mln 
Max 
Mln 
Max 
Conditions 


80C186 
CLKIN 
REQUIREMENTS 
Measurements 
taken with following 
conditions: 
External 
clock input to Xl and X2 not 
connected 
(float) 


TCKIN 
CLKIN 
Period 
50 
1000 
40 
1000 
31.25 
1000 
ns 


TCKHL 
CLKIN Fall Time 
5 
5 
5 
ns 
3.5 to 1.0V 


TCKLH 
CLKIN Rise Time 
5 
5 
5 
ns 
1.0 to 3.5V 


TCLCK 
CLKIN 
Low Time 
20 
15 
13 
ns 
1.5V(2) 


TCHCK 
CLKIN High Time 
20 
15 
13 
ns 
1.5V(2) 


80C186 
CLKOUT 
TIMING 
200 pF load maximum 
for 10 MHz or less, 100 pF load maximum 
above 
10 MHz 


TCICO 
CLKINto 
25 
21 
17 
ns 
CLKOUTSkew 


TCLCL 
CLKOUT 
Period 
100 
2000 
80 
2000 
62.5 
2000 
ns 


TCLCH 
CLKOUT 
0.5 TCLCL-6 
0.5 TCLCL-5 
0.5 TCLCL-5 
ns 
1.5V 
Low Time (min) 


TCHCL 
CLKOUT 
0.5 TCLCL-6 
0.5 TCLCL -5 
0.5 TCLCL-5 
ns 
1.5V 
High Time (min) 


TCH1CH2 
CLKOUT 
10 
10 
8 
ns 
1.0t03.5V 
Rise Time 


TCL2CL1 
CLKOUT 
10 
10 
8 
ns 
3.5to 
1.0V 
Fall Time 


NOTE: 
2. TCLCK and TCHCK (CLKIN 
Low and High times) 
should 
not have a duration 
less than 40% 
of TCKIN. 


WAVEFORMS 


MAJOR 
CYCLE 
TIMING 


VCH 
T, 


CLKOUT 


ii-iO 


1IIlEIS,. 


·'9!S&-A161SJ 


ALE 


Tel,., ...•. 


AD's-ADo 
TAVCH 


WRITE CYCLE 


Pel; 
lIeSIn 
Del 
(NOTE 4) 


inter 


pcs~ 
~La. 
ucs 
(Note 4) 


NOTES: 
1. Following 
a Write cycle, 
the Local 
Bus is floated 
by the 80G186 
only when the 80G186 
enters 
a "Hold 
Acknowledge" 
state. 
2. INTA occurs 
one clock 
later in slave 
mode. 
3. Status 
inactive 
just prior to T4. 
4. Latched 
A 1 and A2 have the same timings 
as PGS5 and PGS6. 


inter 


~ 
INTD-3 
TIMERIN 


ARDY 
(NORMALLY 
NOT READY) 


ARDYI 
(NORMALLY 
READY) 


CLKOUT' 
~~CL-lr~ 
HOLD----- 


AD15 - ADO 
DEN 


A19/S6-A16/S3. 


RD. WR. 
SHE. DT/R. 
S2- 
SO. LOCK 


inter 


WAVEFORMS 
(Continued) 


TIMER 
ON 80C186 


A determination 
of 80C186 
program 
execution 
tim- 


ing must consider 
both the bus cycles 
necessary 
to 


prefetch 
instructions 
as well as the number 
of exe- 


cution unit cycles 
necessary 
to execute 
instructions. 
The following 
instruction 
timings 
represent 
the mini- 


mum execution 
time in clock cycles for each instruc- 


tion. The timings 
given 
are based 
on the following 


assumptions: 


• 
The opcode, 
along with any data or displacement 


required 
for execution 
of a particular 
instruction, 
has been prefetched 
and resides 
in the queue at 


the time it is needed. 


• 
No wait states or bus HOLDs occur. 


• 
All word-data 
is located 
on even-address 
bound- 


aries. 


All jumps and calls include the time required to fetch 
the opcode 
of the next instruction 
at the destination 


address. 


All instructions 
which involve 
memory 
accesses 
can 
require one or two additional 
clocks 
above the mini- 


mum timings 
shown 
due to the asynchronous 
hand- 


shake between 
the BIU and execution 
unit. 


With a 16-bit BIU, the 80C186 
has sufficient 
bus per- 


formance 
to ensure that an adequate 
number of pre- 


fetched 
bytes will reside 
in the queue 
most 
of the 


time. Therefore, 
actual program 
execution 
will not be 


substantially 
greater 
than that derived 
from 
adding 


the instruction 
timings 
shown. 


inter 


Function 
Format 
Clock 
Comments 
Cycles 


DATA TRANSFER 
MOV = Move: 


Registerto Register/Memory 
1000100w 
mod reg rIm 
2/12 


Register/memoryto register 
1000101w 
mod reg rIm 
2/9 


Immediateto register/memory 
1100011 
w 
mod000 rIm 
data 
data ifw~ 1 
12-13 
8/16-bit 


Immediateto register 
1011 
w reg 
data 
dataifw~l 
3-4 
8/16-bit 


Memoryto accumulator 
1010000w 
addr-Iow 
addr.high 
8 


Accumulatorto memory 
1010001w 
addr-Iow 
addr-high 
9 


Register/memoryto segmentregister 
10001110 
mod0 reg rIm 
2/9 


Segmentregisterto register/memory 
10001100 
mod0 reg rIm 
2/11 


PUSH ~ Push: 


Memory 
11111111 
mod 110 
rIm 
16 


Register 
01010reg 
10 


Segmentregister 
000regll0 
9 


Immediate 
011010s0 
data 
dataffs=O 
10 


PUSHA = Push All 
01100000 
36 


POP = Pop: 


Memory 
10001111 
mod 0 0 0 rIm 
20 


Register 
01011 
reg 
10 


Segmentregister 
OOOreglll 
(reg*Ol) 
8 


POPA = PopAIi 
01100001 
51 


XCHG = Exchange: 


Register/memorywith register 
1000011w 
mod reg rIm 
4/17 


Registerwith accumulator 
10010reg 
3 


IN = Input from: 


Fixedport 
1110010w 
port 
10 


Variableport 
1110110w 
8 
OUT ~ Output to: 


Fixedport 
1110011 
w 
port 
9 


Variableport 
1110111 
w 


XLAT = Translatebyteto AL 
11010111 
11 


LEA ~ LoadEAto register 
10001101 
mod reg rIm 
6 


LOS ~ Loadpointerto DS 
11000101 
modreg rIm 
(mod*ll) 
18 


LES = Loadpointerto ES 
11000100 
mod reg rIm 
(mod*ll) 
18 


LAHF ~ LoadAH with flags 
10011111 
2 


SAHF = StoreAH into flags 
10011110 
3 


PUSHF ~ Pushflags 
10011100 
9 


POPF = Popflags 
10011101 
8 


Shaded areas indicate 
instruction 
not available 
in 8086, 8088 microsystems. 


22-105 


inter 


Format 
Clock 
Comments 
Function 
Cycles 


DATA TRANSFER (Continued) 
.. 


SEGMENT = Segment Override: 


CS 
I 
00101110 
I 
2 


SS 
I 
00110110 
I 
2 


DS 
I 
00111110 
I 
2 


ES 
I 
00100110 
I 
2 


ARITHMETIC 
ADD = Add: 


Reg/memory with register to either 
I 
OOOOOOdw 
I 
mod reg rIm 
I 
3/10 


Immediate to register/memory 
I 
100000sw 
I 
mod 0 0 0 rIm I 
data 
I data if s w=01 
I 
4/16 


Immediate to accumulator 
I 
0000010w 
I 
data 
I 
data'ifw=1 
I 
3/4 
8/16-bit 


ADC = Add with carry: 


Reg/memory with register to either 
I 
000100dw 
I 
mod reg rIm 
I 
3/10 


immediate to register/memory 
I 
100000sw 
I 
modO 10 rIm I 
data 
I data if s w~01 
I 
4/16 


Immediate to accumulator 
I 
0001010w 
I 
data 
I 
dataifw=1 
I 
3/4 
8/16-bit 


INC ~ Increment: 


Register/memory 
I 
1111111w 
I modOOO rIm I 
3/15 


Register 
I 
01000reg 
I 
3 


SUB ~ Subtract: 


Reg/memory and register to either 
I 
001010dw 
I 
mod reg rIm 
I 
3/10 


Immediate from register/memory 
I 
100000sw 
I 
mod 101 
rIm I 
data 
I data if s w~01 
I 
4/16 


Immediate from accumulator 
I 
0010110w 
I 
data 
I 
data ifw~ 1 
I 
3/4 
8/16-bit 


SBB ~ Subtract with borrow: 


Reg/memory and register to either 
I 
000110dw 
I 
mod reg rIm 
I 
3/10 


Immediate from register/memory 
I 
100000sw 
I 
modO 11 rIm I 
data 
I data if s w~01 
I 
4/16 


Immediate from accumulator 
I 
0001110w 
I 
data 
I 
dataifw=1 
I 
3/4 
8/16-bit 


DEC ~ Decrement 


Register/memory 
I 
1111111w 
I mod 0 01 rIm I 
3/15 


Register 
I 
01001 
reg 
I 
3 


CMP = Compare: 


Register/memory with register 
I 
0011101 
w 
mod reg rIm 
I 
3/10 


Register with register/memory 
I 
0011100w 
mod reg rIm 
I 
3/10 


Immediate with register/memory 
I 
100000sw 
mod 111 
rIm I 
data 
t 
data if s w~01 
I 
3/10 


Immediate with accumulator 
I 
0011110w 
data 
I 
data ifw=1 
I 
3/4 
8/16-bit 


NEG = Change sign register/memory 
I 
1111011 
w 
modO 11 rIm I 
3/10 


AAA ~ ASCII adjust for add 
I 
00110111 
8 


DAA = Decimal adjust for add 
I 
00100111 
4 


AAS ~ ASCII adjust for subtract 
I 
00111111 
I 
7 


DAS = Decimal adjust for subtract 
I 
00101111 
I 
4 


MUL = MUltiply(unsigned): 
I 
1111011 
w I 
mod 100 rIm 
I 


Register-Byte 
26-28 
Register-Word 
35-37 
Memory-Byte 
32-34 
Memory-Word 
41-43 


inter 


Function 
Format 
Clock 
Comments 
Cycles 


ARITHMETIC(Continued) 


IMUL ~ Integermultiply(signed): 
I 1111011 
w I mod 101 
rim I 


Register-Byte 
25-28 
Register-Word 
34-37 
Memory-Byte 
31-34 
Memory-Word 
40-43 


IMUL = IntegerImmediatemultiply 
I 011010s1 
I 
mod reg rIm I 
data 
I 
datalls=O 
I 
22-25/ 
(signed) 
29-32 


DIY = Divide(unsigned): 
I 1111011 
w I mod 11 0 rim I 


Register-Byte 
29 
Register-Word 
38 
Memory-Byte 
35 


Memory-Word 
44 


IDlY = Integerdivide(signed): 
I 
1111011 
w I mod 111 
rim I 


Register-Byte 
44-52 
Register-Word 
53-61 
Memory-Byte 
50-58 
Memory-Word 
59-67 


AAM = ASCIIadjustfor mulUply 
I 
11010100 
I 
00001010 
I 
19 


AAD = ASCIIadjust for divide 
I 
11010101 
I 
00001010 
I 
15 


CBW = Convertbyteto word 
I 
10011000 
I 
2 


CWO ~ Convertword to doubleword I 
10011001 
I 
4 


LOGIC 
Shift/Rotate Instructions: 


Register/Memoryby 1 
I 
1101000w 
I 
modTTTr/m 
I 
2/15 


Register/Memoryby CL 
I 
1101001 
w I 
modTTT r/m I 
5+n/17+n 
I 
I 
I 
I 
- 


Register/Memoryby Count 
1100000w 
modTTTr/m 
count 
5+n/17+n 


TTT Instruction 
000 
RDL 
001 
RDR 
010 
RCL 
011 
RCR 
100 
SHL/SAL 
101 
SHR 
111 
SAR 


AND = And: 


Reg/memoryand registerto either 
I 001000dw 
I 
mod reg rim I 
3/10 


Immediateto register/memory 
I 
1000000w 
I mod 100 rim I 
data 
I 
dataifw~1 
I 
4/16 


Immediateto accumulator 
I 0010010w 
I 
data 
I 
dataifw=1 
I 
3/4 
8/16-bit 


TEST~ And function to flags, no result: 


Register/memoryand register- 
I 1000010w 
I 
mod reg rIm 
I 
3/10 


Immediatedata and register/memory I 1111011 
w I mod0 0 0 rim I 
data 
I 
data ifw=1 
I 
4/10 


Immediatedata and accumulator 
I 
1010100w 
I 
data 
I 
dataifw~1 
I 
3/4 
B/16-bit 


OR=Or: 


Reg/memoryand registerto either 
I 000010dw 
I 
mod reg rim 
I 
3/10 


Immediateto register/memory 
I 1000000w 
I mod001 
rim I 
data 
I 
dataifw=1 
I 
4/16 


Immediateto accumulator 
I 0000110w 
I 
data 
I 
dataifw=1 
I 
3/4 
B/16-b~ 


Function 
Format 
Clock 
Comments 
Cycles 


LOGIC(Continued) 
XOR = Exclusive or. 


Reg/memoryand registerto either 
I 
001100dw 
I 
mod reg rIm I 
3/10 


Immediateto register/memory 
I 
1000000w 
I mod 110 
rIm I 
data 
I 
dataifw=1 
I 
4/16 


Immediateto accumulator 
I 
0011010w 
I 
data 
I 
dataifw=1 
I 
3/4 
8/16-bit 


NOT = Invertregister/memory 
I 
1111011 
w I modO 10 rIm I 
3/10 


STRINGMANIPULATION 


MOYS = Movebyte/word 
1010010w 
I 
14 


CMPS = Comparebyte/word 
1010011 
w I 
22 


SCAS = Scan byte/word 
1010111 
w I 
15 


LODS = Loadbyte/wd to ALAX 
1010110w 
I 
12 


STOS = Stor byte/wd from ALA 
1010101 
w I 
10 


INS = Inputbyte/wd from OXport 
I 0110110w 
I 
14 


OUTS = Outputbyte/wd to OXport 
I 0110111 
w I 
14 


Repeatedby count in CX 


MOYS = Movestring 
11110010 
1010010w 
I 
8+8n 


CMPS = Comparestring 
1111001 
z 
1010011 
w I 
5+22n 


SCAS = Scanstring 
1111001 
z 
1010111 
w 
5+15n 


LODS = Loadstring 
11110010 
1010110w 
6+11n 


STOS = Store string 
11110010 
1010101 
w 
6+9n 


INS = Inputstring 
11110010 
I 0110110w 
8+8n 


OUTS = Outputstring 
11110010 
I 0110111w 
8+8n 


CONTROLTRANSFER 


CALL = Call: 


Directwithin segment 
I 
11101000 
I 
disp-Iow 
I 
disp-high 
I 
15 


Register/memory 
I 
11111111 
I modO 10 rIm I 
13/19 


indirect 
within 
segment 


Direct 
intersegment 
I 
10011010 
I 
segmentoffset 
I 
23 


I 
segmentselector 
I 


Indirect intersegment 
I 
11111111 
I modO 11 rIm I 
(mod"" 11) 
38 


JMP = Unconditional jump: 


Short/long 
I 
11101011 
I 
disp-Iow 
I 
14 


Directwithin segment 
I 
11101001 
I 
disp-Iow 
I 
disp-high 
I 
14 


Register/memory 
I 
11111111 
I mod100r/m 
I 
11/17 
indirect 
within 
segment 


Directintersegment 
I 
11101010 
I 
segmentoffset 
I 
14 


I 
segmentselector 
I 


Indirectintersegment 
I 
11111111 
I mod 101 
rIm I 
(mod"" 11) 
26 


Function 
Format 
Clock 
Comments 
Cycles 


CONTROL TRANSFER (Continued) 
RET ~ Return from CALL: 


Within segment 
I 
11000011 
16 


Within seg adding immed to SP 
I 
11000010 
data-low 
I 
data-high 
I 
18 


Intersegment 
11001011 
22 


Intersegment adding immediate to SP 
11001010 
data-low 
I 
data-high I 
25 


JE/JZ ~ Jump on equal/zero 
01110100 
disp 
I 
4/13 
JMP not 


JLlJNGE 
= Jump on less/not greater or equal 
disp 
I 
4/13 
taken/JMP 
01111100 
taken 
JLE/JNG = Jump on less or equal/not greater 
01111110 
disp 
4/13 


JB/JNAE 
~ Jump on below/not above or equal 
01110010 
disp 
4/13 


JBE/JNA 
~ Jump on below or equal/not above 
01110110 
disp 
4/13 


JP/JPE = Jump on parity/parity even 
01111010 
disp 
4/13 


JO = Jump on overflow 
01110000 
disp 
4/13 


JS ~ Jump on sign 
01111000 
disp 
4/13 


JNE/JNZ = Jump on not equal/not zero 
01110101 
disp 
4/13 


JNL/JGE ~ Jump on not less/greater or equal 
01111101 
disp 
4/13 


JNLE/JG = Jump on not less or equal/greater 
01111111 
disp 
4/13 


JNB/JAE 
= Jump on not below/above or equal 
01110011 
disp 
4/13 


JNBE/JA 
= Jump on not below or equal/above 
01110111 
disp 
4/13 


JNP/JPO = Jump on not par/par odd 
01111011 
disp 
4/13 


JNO = Jump on not overflow 
I 01110001 
disp 
4/13 


JNS = Jump on not sign 
I 01111001 
disp 
4/13 


JCXZ = Jump on CX zero 
11100011 
disp 
5/15 


LOOP = Loop CX times 
11100010 
disp 
6/16 
LOOP not 


LooPZ/LOOPE 
= Loop while zero/equal 
11100001 
disp 
6/16 
taken/LOOP 


taken 
LooPNZ/LOOPNE 
~ Loop while not zero/equal 
11100000 
disp 
-6/16 


ENTER = Enter Procedure 
11001000 
data-low 
data-high I 
L I 


L=O 
15 


L=1 
25 


L>1 
22+ 16(n-1) 


LEAVE = Leave Procedure 
I 11001001 
I 
6 
_. 


INT = Interrupt: 


Type specified 
I 
11001101 
I 
type 
I 
47 


Type 3 
I 
11001100 
I 
45 
if INT. taken/ 


INTO = Interrupt on overflow 
I 
11001110 
I 
48/4 
if INT. not 
taken 


IRET = Interrupt return 
I 
11001111 
I 
28 


BOUND = Detect value out of range 
I 01100010 
I mod reg rim I 
33-35 


Function 
Format 
Clock 
Comments 
Cycles 


PROCESSORCONTROL 


CLC ~ Clear carry 
11111000 
2 


CMC ~ Complement carry 
11110101 
2 


STC ~ Set carry 
11111001 
2 


CLO = Clear direction 
11111100 
2 


STO ~ Set direction 
11111101 
2 


CLI ~ Clear interrupt 
11111010 
2 


STI ~ Set interrupt 
I 
11111011 
2 


HLT ~ Halt 
I 
11110100 
2 


WAIT = Wait 
I 
10011011 
6 
iltest = 0 


LOCK ~ Bus lock prefix 
I 
11110000 
2 


ESC ~ Processor Extension Escape 
I 
11011 
TTT 
mod LLL rim 
I 
6 


(TTT LLL are opco e to processor extension) 


The Effective 
Address 
(EA) of the memory 
operand 


is computed 
according 
to the mod and rim fields: 


if mod 
11 then rim is treated 
as a REG field 


if mod 
00 then OISP = 0', disp-Iow and disp- 
high are absent 
01 then OISP = disp-Iow sign-ex- 
tended to 16-bits, disp-high 
is absent 


10 then OISP = disp-high: 
disp-Iow 


000 then EA = (BX) + (SI) + OISP 
001 then EA = (BX) + (01) + OISP 
010 then EA = (BP) + (SI) + OISP 
011 then EA = (BP) + (01) + OISP 
100 then EA = (SI) + OISP 
101 then EA = (01) + OISP 
110 then EA = (BP) + OISP' 
111 then EA = (BX) + OISP 


if mod 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 
if rim 


OISP follows 
2nd byte of instruction 
(before 
data if 


required) 


'except 
if mod 
= 00 and rim 
= 110 then 
EA = 


disp-high: 
disp-Iow. 


EA calculation 
time is 4 clock 
cycles 
for all modes, 


and is included 
in the execution 
times given whenev- 


er appropriate. 


Segment Override 
Prefix 


I 0 
0 
1 
reg 
1 
0 I 


reg is assigned 
according 
to the following: 


Segment 


reg 
Register 


00 
ES 
01 
CS 
10 
SS 
11 
OS 


REG is assigned 
according 
to the following 
table: 


16-Bit(w 
= 1) 
8-Bit (w = 0) 


000 AX 
OOOAL 


001 CX 
001 CL 


010 OX 
0100L 


011 BX 
011 BL 


100 SP 
100 AH 


101 BP 
101 CH 


110S1 
1100H 


111 01 
111 BH 


The physical 
addresses 
of all operands 
addressed 


by the BP register 
are computed 
using the SS seg- 


ment register. 
The physical 
addresses 
of the desti- 


nation 
operands 
of the 
string 
primitive 
operations 


(those 
addressed 
by the 01 register) 
are computed 


using the ES segment, 
which may not be overridden. 


inter 


80188 


HIGH INTEGRATION 
8-BIT MICROPROCESSOR 
• Integrated 
Feature Set 
• Completely Object Code Compatible 
- 
Enhanced 8086-2 CPU 
with All Existing 8086/8088 Software 
- 
Clock Generator 
-10 
New Instruction 
Types 
- 
2 Independent 
DMA Channels 
• DRAM Refresh Capability via DMA 
- 
Programmable 
Interrupt Controller 
Channel and Timer 2 
- 
3 Programmable 
16-Bit Timers 


- 
Programmable 
Memory and 
• Direct Addressing 
Capability to 
Peripheral Chip-Select Logic 
1 MByte of Memory and 64 KByte I/O 
- 
Programmable Wait State Generator 
• Complete System Development 
- 
Local Bus Controller 
Support 


• High-Performance 
8 MHz Processor 
- 
Development Software; Assembler, 
- 
At 8 MHz Provides 2 Times the 
PL/M, Pascal, Fortran, and System 
Performance 
of the Standard 8088 
Utilities 


- 
2 MByte/Sec 
Bus Bandwidth 
-In-Circuit-Emulator 
(12ICETM-186/188) 
Interface 
@8MHz 
• High Performance 
Numerical 
• Available in EXPRESS 
Coprocessing 
Capability Through 8087 
- 
Standard Temperature 
with Burn-In 
Interface 


- 
Extended Temperature 
Range 
• Available in 68 Pin: 


(- 40°C to + 85°C) 
- 
Ceramic Leadless Chip Carrier (LCC) 
• 8-Bit Data Bus Interface; 16-Bit Internal 
- 
Ceramic Pin Grid Array (PGA) 
Architecture 
- 
Plastic Leaded Chip Carrier (PLCC) 


(See 
Packaging 
Outlines 
and Dimensions, 
Order 
# 231369) 


IHT31INT.\1 


INT2IJNm 


EXECUTtON UN"1 


I 
I 
I 
I 
I 
I 
I 
..J 


SRDY 
AROY 
fm 
HOLD 
HLD. 
m 
RESET 


inter 


The Intel 80188 is a highly integrated microprocessor with an 8·bit data bus interface and a 16·bit internal 
architecture to give high performance. The 80188 effectively combines 15-20 of the most common 8088 
system components onto one. The 80188 provides two times greater throughput than the standard 5 MHz 
8088. The 80188 is upward compatible with 8086 and 8088 software and adds 10 new instruction types to the 
existing set. 
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Figure 2. 80188Pinout Diagram 
22-112 


inter 


Symbol 
Pin No. 
Type 
Name and Function 


Vcc,Vcc 
9,43 
I 
SYSTEM 
POWER: + 5 volt power supply. 


Vss,Vss 
26,60 
I 
SYSTEM 
GROUND 


RESET 
57 
0 
RESET OUTPUT: 
Indicates that the 80188 CPU is being reset, and 


can be used as a system reset. It is active HIGH, synchronized 
with 


the processor 
clock, and lasts an integer number of clock periods 


corresponding 
to the length of the RES signal. 


X1, X2 
59,58 
I 
CRYSTAL 
INPUTS: X1 and X2 provide external 
connections 
for a 


fundamental 
mode parallel resonant 
crystal for the internal 


oscillator. 
Instead of using a crystal, an external 
clock may be 


applied to X1 while minimizing 
stray capacitance 
on X2. The input 


or oscillator 
frequency 
is internally 
divided by two to generate 
the 


clock signal (CLKOUT). 


CLKOUT 
56 
0 
CLOCK 
OUTPUT: 
Provides the system with a 50% duty cycle 


waveform. 
All device pin timings are specified 
relative to CLKOUT. 


CLKOUT 
has sufficient 
MOS drive capabilities 
for the 8087 Numeric 


Processor 
Extension. 


RES 
24 
I 
SYSTEM 
RESET: Causes the 80188 to immediately 
terminate 
its 


present activity, clear the internal 
logic, and enter a dormant 
state. 


This signal may be asynchronous 
to the 80188 clock. The 801 ~ 


begins fetching 
instructions 
approximately 
7 clock cycles after RES 


is returned 
HIGH. For proper initialization, 
Vcc must be within 


specifications 
and the clock signal must be stable for more than 4 


clocks with RES held low. RES is internally 
synchronized. 
This input 


is provided 
with a Schmitt-trigger 
to facilitate 
power-on 
RES 


generation 
via an RC network. 
When RES occurs, the 80188 will 


drive the status lines to an inactive level for one clock, and then 
float them. 


TEST 
47 
I 
TEST: Is examined 
by the WAIT instruction. 
If the TEST input is 


HIGH when "WAIT" 
execution 
begins, instruction 
execution 
will 


suspend. 
TEST will be resampled 
until it goes LOW, at which time 


execution 
will resume. If interrupts 
are enabled while the 80188 is 


waiting for TEST, interrupts 
will be serviced. 
This input is 


synchronized 
internally. 


TMR IN 0, 
20 
I 
TIMER 
INPUTS: Are used either as clock or control 
signals, 
TMR IN 1 
21 
I 
depending 
upon the programmed 
timer mode. These inputs are 


active HIGH (or LOW-to-HIGH 
transitions 
are counted) 
and 


internally 
synchronized. 


TMROUTO, 
22 
0 
TIMER OUTPUTS: 
Are used to provide single pulse or continuous 
TMR OUT 1 
23 
0 
waveform 
generation, 
depending 
upon the timer mode selected. 


DRQO, 
18 
I 
DMA REQUEST: 
Is driven HIGH by an external 
device when it 
DRQ1 
19 
I 
desires that a DMA channel 
(Channel 
0 or 1) perform 
a transfer. 


These signals are active HIGH, level-triggered, 
and internally 


synchronized. 


NMI 
46 
I 
NON-MASKABLE 
INTERRUPT: 
Is an edge-triggered 
input which 


causes a type 2 interrupt. 
NMI is not maskable 
internally. 
A 


transition 
from a LOW to HIGH initiates the interrupt 
at the next 


instruction 
boundary. 
NMI is latched 
internally. 
An NMI duration 
of 


one clock or more will guarantee 
service. This input is internally 


synchronized. 


inter 


Symbol 
Pin No. 
Type 
Name and Function 


INTO,INT1, 
45,44 
I 
MASKABLE 
INTERRUPT 
REQUESTS: 
Can be requested 
by 
INT2/INTAO, 
42 
I/O 
activating 
one of these pins. When configured 
as inputs, these pins 
INT3/INTA1 
41 
I/O 
are active HIGH. Interrupt 
Requests 
are synchronized 
internally. 


INT2 and INT3 may be configured 
via software 
to provide active- 
LOW interrupt-acknowledge 
output signals. All interrupt 
inputs may 
be configured 
via software 
to be either edge- or level-triggered. 
To 
ensure recognition, 
all interrupt 
requests 
must remain active until the 
interrupt 
is acknowledged. 
When slave mode is selected, 
the 
function 
of these pins changes 
(see Interrupt 
Controller 
section 
of 
this data sheet). 


A19/S6, 
65 
0 
ADDRESS 
BUS OUTPUTS 
(16-19) 
and BUS CYCLE STATUS 
(3- 
A18/S5, 
66 
0 
6): Reflect the four most significant 
address 
bits during T 1. These 
A17/S4, 
67 
0 
signals are active HIGH. During T2, T3, Tw, and T4, status 
A16/S3 
68 
0 
information 
is available 
on these lines as encoded 
below: 


Low 
High 


S6 
Processor 
Cycle 
DMACycle 


J 
S3, S4, and S5 are defined 
as LOW during T2- T4. The status pins 
float during HOLD/HLDA. 


AD7-ADO 
2,4,6,.8 
I/O 
ADDRESS/DATA 
BUS (0-7): Signals constitute 
the time 
11, 13, 15, 17 
multiplexed 
memory or I/O address 
(T1) and data (T2' T3, Tw, and 
T4) bus. The bus is active HIGH. 


A15-A8 
1,3,5,7 
0 
ADDRESS-ONLY 
BUS (8-15): Containing 
valid address from T1-T4. 


10,12, 
14, 16 
The bus is active HIGH. 


S7 
64 
0 
This signal is HIGH to indicate 
that the 80188 has an 8-bit data bus. 
S7 floats during HOLD. 


ALE/QSO 
61 
0 
ADDRESS 
LATCH 
ENABLE/QUEUE 
STATUS 
0: Is provided 
by the 
80188 to latch the address 
into the 8282/8283 
address 
latches. 
ALE is active HIGH. Addresses 
are guaranteed 
to be valid on the 


I 
trailing edge of ALE. The ALE rising edge is generated 
off the rising 
edge of the CLKOUT 
immediately 
preceding 
T 1 of the associated 
bus cycle,' effectively 
one-half 
clock cycle earlier than in the 
standard 
8088. The trailing edge is generated 
off the CLKOUT 
rising 
edge in T 1 as in the 8088. Note that ALE is never floated. 


WR/QS1 
63 
0 
WRITE STROBE/QUEUE 
STATUS 
1: Indicates 
that the data on the 
bus is to be written into a memory or an I/O device. WR is active for 
T2, T3, and Tw of any write cycle. It is active LOW, and floats during 
"HOLD." 
It is driven HIGH for one clock during Reset, and then 
floated. 
When the 80188 is in queue status mode, the ALE/QSO 
and 
WR/QS1 
pins provide 
information 
about processor/instruction 
queue interaction. 


QS1 
QSO 
Queue 
Operation 


0 
0 
No Queue Operation 
0 
1 
First Opcode 
Byte Fetched 
from the Queue 
1 
1 
Subsequent 
Byte Fetched 
from the Queue 
1 
0 
Empty the Queue 


inter 


Symbol 
Pin No. 
Type 
Name and Function 


RD/QSMD 
62 
0 
READ STROBE: 
Indicates that the 80188 is performing 
a memory or 
I/O read cycle. RD is active LOW for T2, T3, and Tw of any read 
cycle. It is guaranteed 
not to go LOW in T2 until after the Address 
Bus is floated. 
RD is active LOW, and floats during "HOLD". 
RD is 
driven HIGH for one clock during Reset, and then the output driver is 
floated. A weak internal 
pull-up mechanism 
on the RD line holds it 
HIGH when the line is not driven. During RESET the pin is sam~d 
to determine 
whether 
the 80188 should provide ALE, WR, and RD, or 
if the Queue-Status 
should be provided. 
RD should be connected 
to 
GND to provide Queue-Status 
data. 


ARDY 
55 
I 
ASYNCHRONOUS 
READY: Informs the 80188 that the addressed 
memory space or I/O device will complete 
a data transfer. 
The 
ARDY input pin will accept an asynchronous 
input, and is active 
HIGH. Only the rising edge is internally 
synchronized 
by the 80188. 
This means that the falling edge of ARDY must be synchronized 
to 
the 80188 clock. If connected 
to Vcc, no WAIT states are inserted. 


Asynchronous 
ready (ARDY) or synchronous 
ready (SRDY) must be 
active to terminate 
a bus cycle. If unused, this line should be tied 
LOW to yield control 
to the SRDY pin. 


SRDY 
49 
I 
SYNCHRONOUS 
READY: Must be synchronized 
externally 
to the 
80188. The use of SRDY provides 
a relaxed system-timing 
specification 
on the Ready input. This is accomplished 
by eliminating 
the one-half 
clock cycle which is required for internally 
resolving 
the 
signal level when using the ARDY input. This line is active HIGH. If 
this line is connected 
to Vcc, no WAIT states are inserted. 


Asynchronous 
ready (ARDY) or synchronous 
ready (SRDY) must be 
active before a bus cycle is terminated. 
If unused, this line should be 
tied LOW to yield control to the ARDY pin. 


LOCK 
48 
0 
LOCK: Output indicates 
that other system bus masters are not to 
gain control 
of the system bus while LOCK is active LOW. The LOCK 
signal is requested 
by the LOCK prefix instruction 
and is activated 
at 
the beginning 
of the first data cycle associated 
with the instruction 
following 
the LOCK prefix. It remains active until the completion 
of 
the instruction 
following 
the LOCK prefix. No prefetches 
will occur 
while LOCK is asserted. 
When executing 
more than one LOCK 
instruction, 
always make sure there are 6 bytes of code between 
the 
end of the first LOCK instruction 
and the start of the second 
LOCK 
instruction. 
LOCK is active LOW, is driven HIGH for one clock during 
RESET, and then floated. 


SO, S1, S2 
52-54 
0 
BUS CYCLE STATUS 
SO-S2: Are encoded 
to provide bus- 
transaction 
information: 


80188 Bus Cycle Status Information 


S2 
S1 
SO 
Bus Cycle Initiated 


0 
0 
0 
Interrupt 
Acknowledge 
0 
0 
1 
Read I/O 
0 
1 
0 
Write I/O 
0 
1 
1 
Halt 
1 
0 
0 
Instruction 
Fetch 
1 
0 
1 
Read Data from Memory 
1 
1 
0 
Write Data to Memory 
1 
1 
1 
Passive (no bus cycle) 


The status pins float during "HOLD." 
S2 may be used as a logical M/IO 
indicator, 
and S1 as a DT/R' 
indicator. 
The status lines are driven HIGH for one clock during Reset, and 
then floated 
until a bus cycle begins. 


inter 


Symbol 
Pin No. 
Type 
Name and Function 


HOLD (input) 
50 
I 
HOLD: Indicates 
that another 
bus master is requesting 
the local 
HLDA (output) 
51 
0 
bus. The HOLD input is active HIGH. HOLD may be asynchronous 
with respect to the 80188 clock. The 80188 will issue a HLDA in 
response 
to a HOLD request at the end of T4 or Tj. Simultaneous 


with the issuance 
of HLDA, the 80188 will float the local bus and 


control 
lines. After HOLD is detected 
as being LOW, the 80188 will 


lower HLDA. When the 80188 needs to run another 
bus cycle, it will 


again drive the local bus and control 
lines. 


UCS 
34 
0 
UPPER MEMORY 
CHIP SELECT: 
Is an active LOW output 


whenever 
a memory 
reference 
is made to the defined 
upper portion 


(1K-256K 
block) of memory. This line is not floated 
during bus 


HOLD. The address range activating 
UCS is software 


programmable. 


LCS 
33 
0 
LOWER 
MEMORY 
CHIP SELECT: Is active LOW whenever 
a 


memory reference 
is made to the defined 
lower portion 
(1K-256K) 


of memory. This line is not floated 
during bus HOLD. The address 


range activating 
LCS is software 
programmable. 


MCSO-3 
38,37,36,35 
0 
MID-RANGE 
MEMORY 
CHIP SELECT SIGNALS: 
Are active LOW 


when a memory reference 
is made to the defined 
mid-range 
portion 


of memory 
(8K-512K). 
These lines are not floated 
during bus 


HOLD. The address 
ranges activating 
MCSO-3 
are software 


programmable. 


PCSO-4 
25,27-30 
0 
PERIPHERAL 
CHIP SELECT SIGNALS 0-4: Are active LOW when 


a reference 
is made to the defined 
peripheral 
area (64K byte I/O 


space). These lines are not floated 
during bus HOLD. The address 


ranges activating 
PCSO-4 
are software 
programmable. 


PCS5/A1 
31 
0 
PERIPHERAL 
CHIP SELECT 
5 or LATCHED 
A 1: May be 


programmed 
to provide a sixth peripheral 
chip select, or to provide 


an internally 
latched A 1 signal. The address range activating 
PCS5 


is software 
programmable. 
When programmed 
to provide 
latched 


A 1, rather than PCS5, this pin will retain the previously 
latched value 


of A 1 during a bus HOLD. A 1 is active HIGH. 


PCS6/A2 
32 
0 
PERIPHERAL 
CHIP SELECT 6 or LATCHED 
A2: May be 


programmed 
to provide a seventh 
peripheral 
chip select, or to 


provide an internally 
latched A2 signal. The address 
range 


activating 
PCS6 is software 
programmable. 
When programmed 
to 


provide latched A2, rather than PCS6, this pin will retain the 
previously 
latched value of A2 during a bus HOLD. A2 is active 


HIGH. 


DT/R 
40 
0 
DATA TRANSMIT/RECEIVE: 
Controls 
the direction 
of data flow 


through the external 
8286/8287 
data bus transceiver. 
When LOW, 


data is transferred 
to the 80188. When HIGH the 80188 places write 


data on the data bus. 


DEN 
39 
0 
DATA ENABLE: 
Is provided 
as an 8286/8287 
data bus transceiver 


output enable. 
DEN is active LOW d~ng 
each memory and I/O 


access. 
DEN is HIGH whenever 
DT /R changes 
state. 


The following Functional Description describes the 
base architecture of the 80188. This architecture is 
common to the 8086, 8088 and 80286 microproces- 
sor families as well. The 80188 is a very high inte- 
gration 8-bit microprocessor. It combines 15-20 of 
the most common microprocessor system compo- 
nents onto one chip while providing twice the per- 
formance of the standard 8088. The 80188 is object 
code compatible with the 8086, 8088 microproces- 
sors and adds 10 new instruction types to the exist- 
ing 8086, 8088 instruction set. 


The 8086, 8088, 80186, 80188 and 80286 family all 
contain the same basic set of registers, instructions, 
and addressing modes. The 80188 processor is up- 
ward compatible with the 8086, 8088, 80186, and 
80286 CPUs. 


The 80188 base architecture has fourteen registers 
as shown in Figures 3a and 3b. These registers are 
grouped into the following categories. 


Eight 16-bit general purpose registers may be used 
to contain arithmetic and logical operands. Four of 
these (AX, BX, CX, and OX) can be used as 16-bit 
registers or split into pairs of separate 8-bit registers. 


16-81T 


REGISTER 


NAME 


SPECIAL 


REGISTER 
FUNCTIONS 


BYTE 


ADDRESSABLE 
(808fT 


REGISTER 
NAMES 
SHOWN) 


AH 
AL 


DH 
DL 


CH 
CL 


BH 
BL 


Four 16-bit special purpose registers select, at any 
given time, the segments of memory that are imme- 
diately addressable for code, stack, and data. (For 
usage, refer to Memory Organization.) 


Four of the general purpose registers may also be 
used to determine offset addresses of operands in 
memory. These registers may contain base address- 
es or indexes to particular locations within a seg- 
ment. The addressing mode selects the specific reg- 
isters for operand and address calculations. 


Two 16-bit special purpose registers record or alter 
certain aspects of the 80188 processor state. These 
are the Instruction Pointer Register, which contains 
the offset address of the next sequential instruction 
to be executed, and the Status Word Register, which 
contains status and control flag bits (see Figures 3a 
and 3b). 


The Status Word records specific characteristics of 
the result of logical and arithmetic instructions (bits 
0, 2, 4, 6, 7, and 11) and controls the operation of 
the 80188 within a given operating mode (bits 8, 9, 
and 10). The Status Word Register is 16-bits wide. 
The function of the Status Word bits is shown in 
Table 2. 
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cs 
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CODE 
SEGMENT 
SELECTOR 


os 
DATA 
SEGMENT 
SELECTOR 


ss 
STACK 
SEGMENT 
SELECTOR 


ES 
EXTRA 
SEGMENT 
SELECTOR 


SEGMENT 
REGISTERS 


15 


F 
I 


STATUS WORD 
,. 
INSTRUCTION 
POINTER 


STATUS AND CONTROL 
REGISTERS 


Figure 3a. 80188 Register 
set 
22-117 


inter 


STATUS flAGS 


CARRY 
---------------. 


PARITY 
--------------- 


AUXILIARY 
CARRY 


ZERO 


SIGN 


OVERfl.OW~ 


15 
14 
1J 
12 
+ 11 
10 


OF 


CONTROL 
FLAGS 


TRAP FLAG 


------- 
INTERRUPT 
ENABLE 


DIRECTION 
flAG 


Figure 3b. Status Word Format 


Table 2. Status Word Bit Functions 
Instruction 
Set 


Bit 
Name 
Function 
Position 


0 
CF 
Carry Flag-Set 
on high-order 
bit carry or borrow; cleared 
otherwise 


2 
PF 
Parity Flag-Set 
if low-order 
8 bits of result contain an even 
number of 1-bits; cleared 
otherwise 


4 
AF 
Set on carry from or borrow to 
the low order four bits of AL; 
cleared 
otherwise 


6 
ZF 
Zero Flag-Set 
if result is zero; 


cleared 
otherwise 


7 
SF 
Sign Flag-Set 
equal to high- 
order bit of result (0 if positive, 
1 if negative) 


8 
TF 
Single Step Flag-Qnce 
set, a 


single step interrupt 
occurs 
after the next instruction 
executes. 
TF is cleared 
by the 
single step interrupt. 


9 
IF 
Interrupt-Enable 
Flag-When 
set, maskable 
interrupts 
will 
cause the CPU to transfer 
control 
to an interrupt 
vector 


specified 
location. 


10 
OF 
Direction 
Fla~auses 
string 


instructions 
to auto decrement 


the appropriate 
index register 


when set. Clearing 
OF causes 
auto increment. 


11 
OF 
Overflow 
Flag-Set 
if the 


signed result cannot 
be 


expressed 
within the number 


of bits in the destination 
operand; 
cleared otherwise 


The instruction 
set is divided 
into seven categories: 


data transfer, 
arithmetic, 
shift/rotate/logical, 
string 
manipulation, 
control 
transfer, 
high-level 
instruc- 


tions, 
and processor 
control. 
These 
categories 
are 


summarized 
in Figure 4. 


An 80188 
instruction 
can reference 
anywhere 
from 


zero to several 
operands. 
An operand 
can reside in 


a register, in the instruction 
itself, or in memory. 
Spe- 


cific operand 
addressing 
modes 
are discussed 
later 


in this data sheet. 


Memory 
is organized 
in sets of segments. 
Each seg- 


ment is a linear contiguous 
sequence 
of up to 64K 


(216) 8-bit bytes. Memory 
is addressed 
using a two- 


component 
address 
(a pointer) that consists 
of a 16- 


bit base 
segment 
and 
a 16-bit 
offset. 
The 
16-bit 


base 
values 
are contained 
in one 
of four 
internal 


segment 
registers 
(code, 
data, 
stack, 
extra). 
The 


physical 
address 
is calculated 
by shifting 
the base 


value LEFT by four bits and adding 
the 16-bit offset 


value to yield a 20-bit 
physical 
address 
(see Figure 


5). This allows for a 1 MByte physical 
address 
size. 


All 
instructions 
that 
address 
operands 
in memory 


must specify the base segment 
and the 16-bit offset 


value. For speed and compact 
instruction 
encoding, 


the segment 
register 
used for physical 
address 
gen- 


eration 
is implied by the addressing 
mode used (see 


Table 
3). These 
rules follow 
the way programs 
are 


written 
(see Figure 6) as independent 
modules 
that 


require areas for code and data, a stack, and access 
to external 
data areas. 


Special 
segment 
override 
instruction 
prefixes 
allow 


the 
implicit 
segment 
register 
selection 
rules 
to be 


overridden 
for special 
cases. 
The stack, 
data, 
and 


extra segments 
may coincide 
for simple 
programs. 


GENERAL 
PURPOSE 


MOV 
Move byte or word 


PUSH 
Push word onto stack 


POP 
Pop word off stack 


PUSHA 
Push all registers 
on stack 


POPA 
Pop all registers 
from stack 


XCHG 
Exchange 
byte or word 


XLAT 
Translate 
byte 


INPUT/OUTPUT 


IN 
Input byte or word 


OUT 
Output byte or word 


ADDRESS 
OBJECT 


LEA 
Load effective 
address 


LDS 
Load pointer 
using DS 


LES 
Load pointer 
using ES 


FLAG TRANSFER 


LAHF 
Load AH register 
from flags 


SAHF 
Store AH register 
in flags 


PUSHF 
Push flags onto stack 


POPF 
Pop flags off stack 


ADDITION 


ADD 
Add byte or word 


ADC 
Add byte or word with carry 


INC 
Increment 
byte or word by 1 


AAA 
ASCII adjust for addition 


DAA 
Decimal 
adjust for addition 


SUBTRACTION 


SUB 
Subtract 
byte or word 


SBB 
Subtract 
byte or word with borrow 


DEC 
Decrement 
byte or word by 1 


NEG 
Negate 
byte or word 


CMP 
Compare 
byte or word 


AAS 
ASCII adjust for subtraction 


DAS 
Decimal 
adjust for subtraction 


MULTIPLICATION 


MUL 
Multiply 
byte or word unsigned 


IMUL 
Integer 
multiply 
byte or word 


AAM 
ASCII adjust for multiply 


DIVISION 


DIV 
Divide byte or word unsigned 


IDIV 
Integer divide byte or word 


AAD 
ASCII adjust for division 


CBW 
Convert 
byte to word 


CWD 
Convert 
word to doubleword 


MOVS 
Move byte or word string 


INS 
Input bytes or word string 


OUTS 
Output bytes or word string 


CMPS 
Compare 
byte or word string 


SCAS 
Scan byte or word string 


LODS 
Load byte or word string 


STOS 
Store byte or word string 


REP 
Repeat 


REPE/REPZ 
Repeat 
while equal/zero 


REPNE/REPNZ 
Repeat while not equal/not 
zero 


LOGICALS 


NOT 
"Not" 
byte or word 


AND 
"And" 
byte or word 


OR 
"Inclusive 
or" byte or word 


XOR 
"Exclusive 
or" byte or word 


TEST 
"Test" 
byte or word 


SHIFTS 


SHL/SAL 
Shift logical/ arithmetic 
left byte or word 


SHR 
Shift logical right byte or word 


SAR 
Shift arithmetic 
right byte or word 


ROTATES 


ROL 
Rotate 
left byte or word 


ROR 
Rotate 
right byte or word 


RCL 
Rotate through 
carry left byte or word 


RCR 
Rotate through 
carry right byte or word 


FLAG OPERATIONS 


STC 
Set carry flag 


CLC 
Clear carry flag 


CMC 
Complement 
carry flag 


STD 
Set direction 
flag 


CLD 
Clear direction 
flag 


STI 
Set interrupt 
enable flag 


CLI 
Clear interrupt 
enable flag 


EXTERNAL 
SYNCHRONIZATION 


HLT 
Halt until interrupt 
or reset 


WAIT 
Wait for TEST pin active 


ESC 
Escape to extension 
processor 


LOCK 
Lock bus during next instruction 


NO OPERATION 


NOP 
No operation 


HIGH LEVEL INSTRUCTIONS 


ENTER 
Format stack for procedure 
entry 


LEAVE 
Restore 
stack for procedure 
exit 


BOUND 
Detects 
values outside 
prescribed 
range 


inter 


CONDITIONAL 
TRANSFERS 


JAlJNBE 
Jump if above/not 
below nor equal 


JAE/JNB 
Jump if above or equal/not 
below 


JB/JNAE 
Jump if below/not 
above nor equal 


JBE/JNA 
Jump if below or equal/not 
above 


JC 
Jump if carry 


JE/JZ 
Jump if equal/zero 


JG/JNLE 
Jump if greater/not 
less nor equal 


JGE/JNL 
Jump if greater 
or equal/not 
less 


JL/JNGE 
Jump if less/not 
greater 
nor equal 


JLE/JNG 
Jump if less or equal/not 
greater 


JNC 
Jump if not carry 


JNE/JNZ 
Jump if not equal/ not zero 


JNO 
Jump if not overflow 


JNP/JPO 
Jump if not parity/parity 
odd 


JNS 
Jump if not sign 


JO 


- 
Jump if overflow 


JP/JPE 
Jump if parity/parity 
even 


JS 
Jump if sign 


UNCONDITIONAL 
TRANSFERS 


CALL 
Call procedure 


RET 
Return from procedure 


JMP 
Jump 


ITERATION 
CONTROLS 


LOOP 
Loop 


LOOPE/LOOPZ 
Loop if equal/zero 


LOOPNE/LQOPNZ 
Loop if not equal/not 
zero 


JCXZ 
Jump if register 
CX = 0 


INTERRUPTS 


INT 
Interrupt 


INTO 
Interrupt 
if overflow 


IRET 
Interrupt 
return 


To access 
operands 
that do not reside in one of the 


four 
immediately 
available 
segments, 
a full 
32-bit 


pointer 
can be used to reload 
both the base (seg- 


ment) and offset 
values. 
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The 80188 provides eight categories of addressing 
modes to specify operands. Two addressing modes 
are provided for instructions that operate on register 
or immediate operands: 


• 
Register 
Operand 
Mode: The operand is located 


in one of the 8- or 16-bit general registers. 


• 
Immediate 
Operand 
Mode: 
The operand is in- 


cluded in the instruction. 


Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: a seg- 
ment base and an offset. The segment base is sup- 
plied by a 16-bit segment register either implicitly 
chosen by the addressing mode or explicitly chosen 
by a segment override prefix. The offset, also called 
the effective address, is calculated by summing any 
combination of the following three address ele- 
ments: 
• the displacement 
(an 8- or 16-bit immediate value 


contained in the instruction); 
• the base (contents of either the BX or BP base 


registers); and 


• the index (contents of either the SI or 01 index 


registers). 


Any carry out from the 16-bit addition is ignored. 
Eight-bit displacements are sign extended to 16-bit 
values. 


Combinations of these three address elements de- 
fine the six memory addressing modes, described 
below. 


• 
Direct Mode: The operand's offset is contained in 
the instruction as an 8- or 16-bit displacement el- 
ement. 


• 
Register 
Indirect 
Mode: The operand's offset is in 


one of the registers SI, 01, BX, or BP. 


• 
Based 
Mode: The operand's offset is the sum of 


an 8- or 16-bit displacement and the contents of 
a base register (BX or BP). 


• 
Indexed 
Mode: The operand's offset is the sum 


of an 8- or 16-bit displacement and the contents 
of an index register (SI or 01). 


• 
Based Indexed Mode: The operand's offset is the 
sum of the contents of a base register and an 
index register. 


• 
Based Indexed 
Mode with Displacement: 
The op- 


erand's offset is the sum of a base register's con- 
tents, an index register's contents, and an 8- or 
16-bit displacement. 


Data Types 


The 80188 directly supports the following data 
types: 


• 
Integer: A signed binary numeric value contained 
in an 8-bit byte or a 16-bit word. All operations 
assume 
a 
2's 
complement 
representation. 


Signed 32- and 64-bit integers are supported us- 
ing the 8087 Numeric Data Coprocessor with the 
80188. 


• 
Ordinal: 
An unsigned binary numeric value con- 


tained in an 8-bit byte or a 16-bit word. 


• 
Pointer: A 16- or 32-bit quantity, composed of a 
16-bit offset component or a 16-bit segment base 
component in addition to a 16-bit offset compo- 
nent. 


• 
String: A contiguous sequence of bytes or words. 
A string may contain from 1 to 64K bytes. 


• ASCII: A byte representation of alphanumeric and 


control characters using the ASCII standard of 
character representation. 


• 
BCD: A byte (unpacked) representation of the 
decimal digits 0-9. 


• 
Packed 
BCD: A byte (packed) representation of 


two decimal digits (0-9). One digit is stored in 
each nibble (4-bits) of the byte. 


• 
Floating 
Point: A signed 32-, 64-, or 80-bit real 


number representation. (Floating point operands 
are supported using the 8087 Numeric Data Co- 
processor with the 80188.) 


In general, individual data elements must fit within 
defined segment limits. Figure 7 graphically repre- 
sents the data types supported by the 80188. 


The I/O space consists of 64K 8-bit or 32K 16-bit 
ports. Separate instructions address the I/O space 
with either an 8-bit port address, specified in the in- 
struction, or a 16-bit port address in the OX register. 
8-bit port addresses are zero extended such that 
A15-Aa 
are LOW. I/O 
port addresses 00F8(H) 


through OOFF(H)are reserved. 


An interrupt transfers execution to a new program 
location. The old program address (CS:IP) and ma- 
chine state (Status Word) are saved on the stack to 
allow resumption of the interrupted program. Inter- 
rupts fall into three classes: hardware initiated, INT 
instructions, and instruction exceptions. Hardware 
initiated interrupts occur in response to an external 
input and are classified as non-maskable or mask- 
able. 
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Programs may cause an interrupt with an INT in- 
struction. Instruction exceptions occur when an un- 
usual condition, which prevents further instruction 
processing, is detected while attempting to execute 
an instruction. If the exception was caused by exe- 
cuting an ESe instruction with the ESe trap bit set in 
the relocation register, the return instruction will 
point to the ESe instruction, or to the segment over- 
ride prefix immediately preceding the ESe instruc- 
tion if the prefix was present. In all other cases, the 
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instruction 
immediately following 
the 
instruction 


causing the exception. 


A table containing up to 256 pointers defines the 
proper interrupt service routine for each interrupt. In- 
terrupts 0-31, some of which are used for instruc- 
tion exceptions, are reserved. Table 4 shows the 
80188 predefined types and default priority levels. 
For each interrupt, an 8-bit vector must be supplied 
to the 80188 which identifies the appropriate table 
entry. Exceptions supply the interrupt vector inter- 
nally. In addition, internal peripherals and noncas- 
caded external interrupts will generate their own 
vectors through the internal interrupt controller. INT 
instructions contain or imply the vector and allow 
access to all 256 interrupts. Maskable hardware ini- 
tiated interrupts supply the 8-bit vector to the epu 
during an interrupt acknowledge bus sequence. 
Non-maskable hardware interrupts use a predefined 
internally supplied vector. 


The 80188 can service interrupts generated by soft- 
ware or hardware. The software interrupts are gen- 
erated by specific instructions (INT, ESe, unused 
OP, etc.) or the results of conditions specified by 
instructions (array bounds check, INTO, OIV, IOIV, 
etc.). All interrupt sources are serviced by an indirect 
call through an element of a vector table. This vector 
table is indexed by using the interrupt vector type 
(Table 4), multiplied by four. All hardware-generated 
interrupts are sampled at the end of each instruc- 
tion. Thus, the software interrupts will begin service 
first. Once the service routine is entered and inter- 
rupts are enabled, any hardware source of sufficient 
priority can interrupt the service routine in progress. 


The software generated 80188 interrupts are de- 
scribed below. 


Generated when a OIV or IOIV instruction quotient 
cannot be expressed in the number of bits in the 
destination. 


Generated after most instructions if the TF flag is 
set. Interrupts will not be generated after prefix in- 
structions (e.g., REP), instructions which modify seg- 
ment registers (e.g., POP OS), or the WAIT instruc- 
tion. 


An 
external 
interrupt 
source 
which 
cannot 
be 


masked. 


Interrupt 
Vector 
Default 
Related 


Name 
Type 
Priority 
Instructions 


Divide Error 
0 
'1 
DIV,IDIV 


Exception 
Single Step 
1 
12" 
All 


Interrupt 
NMI 
2 
1 
All 


Breakpoint 
3 
'1 
INT 


Interrupt 
INTODetected 
4 
'1 
INTO 


Overflow 
Exception 
Array Bounds 
5 
'1 
BOUND 


Exception 
Unused-Opcode 
6 
'1 
Undefined 


Exception 
Opcodes 


ESCOpcode 
7 
*1*·- 
ESCOpcodes 
Exception 
Timer 0 Interrupt 
8 
2A···· 
Timer 1 Interrupt 
18 
2B···· 
Timer 2 Interrupt 
19 
2C···· 
Reserved 
9 
3 


DMA 0 Interrupt 
10 
4 


DMA 1 Interrupt 
11 
5 


INTOInterrupt 
12 
6 


INT1 Interrupt 
13 
7 
INT2 Interrupt 
14 
8 


INT3 Interrupt 
15 
9 


NOTES: 
'1. These are generated as the result of an instruction exe- 
cution. 
• '2. This is handled as in the 8088. 
····3. 
All three timers constitute one source of request to 


the interrupt controller. The Timer Interrupts all have the 
same default priority level with respect to all other interrupt 
sources. However, they have a defined priority ordering 
amongst themselves. (Priority 2A is higher priority than 28.) 
Each Timer Interrupt has a separate vector type number. 
4. Default priorities for the interrupt sources are used only if 
the user does not program each source into a unique prior- 
ity level. 
"'5. 
An escape opcode will cause a trap only if the proper 


bit is set in the peripheral control block relocation register. 


A one-byte version of the INT instruction. It uses 12 
as an index into the service routine address table 
(because it is a type 3 interrupt). 


INTO DETECTED 
OVERFLOW 
EXCEPTION 


(TYPE 
4) 


Generated during an INTOinstruction if the OFbit is 
set. 


ARRAY 
BOUNDS 
EXCEPTION 
(TYPE 
5) 


Generated during a BOUND instruction if the array 
index is outside the array bounds. The array bounds 
are located in memory at a location indicated by one 
of the instruction operands. The other operand indi- 
cates the value of the index to be checked. 


Generated if execution is attempted on undefined 
opcodes. 


Generated if execution is attempted of ESC opcodes 
(D8H-DFH). This exception will only be generated if 
a bit in the relocation register is set. The return ad- 
dress of this exception will point to the ESC instruc- 
tion causing the exception. If a segment override 
prefix preceded the ESC instruction, the return ad- 
dress will point to the segment override prefix. 


Hardware-generated interrupts are divided into two 
groups: maskable interrupts and non-maskable in- 
terrupts. The 80188 provides maskable hardware in- 
terrupt request pins INTO-INT3. In addition, mask- 
able interrupts may be generated by the 80188 inte- 
grated DMA controller and the integrated timer unit. 
The vector types for these interrupts are shown in 
Table 4. Software enables these inputs by setting 
the Interrupt Flag bit (IF) in the Status Word. The 
interrupt controller is discussed in the peripheral 
section of this data sheet. 


Further maskable interrupts are disabled while serv- 
icing an interrupt because the IF bit is reset as part 
of the response to an interrupt or exception. The 
saved Status Word will reflect the enable status of 
the processor prior to the interrupt. The interrupt flag 
will remain zero unless specifically set. The interrupt 
return instruction restores the Status Word, thereby 
restoring the original status of IF bit. If the interrupt 
return re-enables interrupts, and another interrupt is 
pending, the 80188 will immediately service the 
highest-priority interrupt pending, Le., no instructions 
of the main line program will be executed. 


Non-Maskable 
Interrupt 
Request (NMI) 


A non-maskable interrupt (NMI) is also provided. 
This interrupt is serviced regardless of the state of 
the IF bit. A typical use of NMI would be to activate a 
power failure routine. The activation of this input 
causes an interrupt with an internally supplied vector 
value of 2. No external interrupt acknowledge se- 
quence is performed. The IF bit is cleared at the 
beginning of an NMI interrupt to prevent maskable 
interrupts from being serviced. 


Single-Step 
Interrupt 


The 80188 has an internal interrupt that allows pro- 
grams to execute one instruction at a time. It is 
called the single-step interrupt and is controlled by 
the single-step flag bit (TF) in the Status Word. Once 
this bit is set, an internal single-step interrupt will 
occur after the next instruction has been executed. 
The interrupt clears the TF bit and uses an internally 
supplied vector of 1. The IRET instruction is used to 
set the TF bit and transfer control to the next instruc- 
tion to be single-stepped. 


Processor initialization or startup is accomplished by 
driving the RES input pin LOW. RES forces the 
80188 to terminate all execution and local bus activi- 
~o 
instruction or bus activity will occur as long as 


RES is active. After RES becomes inactive and an 
internal processing interval elapses, the 80188 be- 
gins execution with the instruction at physical loca- 
tion FFFFO(H).RES also sets some registers to pre- 
defined values as shown in Table 5. 


Table 5. 80188 Initial Register 
State after RESET 


Status Word 
F002(H) 


Instruction Pointer 
OOOO(H) 


Code Segment 
FFFF(H) 


Data Segment 
OOOO(H) 


Extra Segment 
OOOO(H) 


Stack Segment 
OOOO(H) 


Relocation Register 
20FF(H) 


UMCS 
FFFB(H) 


THE 80188 COMPARED 
TO 


THE 80186 


The 80188 CPU is an 8-bit processor designed 
around the 80186 internal structure. Most internal 
functions of the 80188 are identical to the equivalent 
80186 functions. The 80188 handles the external 
bus the same way the 80186 does with the distinc- 
tion of handling only 8 bits at a time. Sixteen bit op- 
erands are fetched or written in two consecutive bus 
cycles. Both processors will appear identical to the 


software engineer, with the exception of execution 
time. The internal register structure is identical and 
all instructions have the same end result. The differ- 
ences between the 80188 and the 80186 are out- 
lined below. Internally, there are three differences 
between the 80188 and the 80186. All changes are 
related to the 8-bit bus interface. 


• The queue length is 4 bytes in the 80188, where- 


as the 80186 queue contains 6 bytes, or three 
words. The queue was shortened to prevent 
overuse of the bus by the BIU when prefetching 
instructions. This was required because of the 
additional time necessary to fetch instructions 8 
bits at a time. 


• To further optimize the queue, the prefetching al- 


gorithm was changed. The 80188 BIU will fetch a 
new instruction to load into the queue each time 
there is a 1-byte hole (space available) in the 
queue. The 80186 waits until a 2-byte space is 
available. 


• The internal execution time of the instruction is 


affected by the 8-bit interface. All 16-bit fetches 
and writes from/to 
memory take an additional 


four clock cycles. The CPU may also be limited 
by the speed of instruction fetches when a series 
of simple operations occur. When the more so- 
phisticated instructions of the 80188 are being 
used, the queue has time to fill and the execution 
proceeds as fast as the execution unit will allow. 


The 80188 and 80186 are completely software com- 
patible by virtue of their identical execution units. 
Software that is system dependent may not be com- 
pletely transferable, but software that is not system 
dependent will operate equally well on an 80188 or 
an 80186. 


The hardware interface of the 80188 contains the 
major differences between the two CPUs. The pin 
assignments are nearly identical, however, with the 
following functional changes. 
• A8-A 15- These pins are only address outputs 


on the 80188. These address lines are latched 
internally and remain valid throughout a bus cycle 
in a manner similar to the 8085 upper address 
lines. 
• BHE has no meaning on the 80188 and has been 


eliminated. 


The 80188 provides an on-chip clock generator for 
both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide- 
by-two counter, synchronous and asynchronous 
ready inputs, and reset circuitry. 


The oscillator circuit of the 80188 is designed to be 
used with a parallel resonant fundamental mode 
crystal. This is used as the time base for the 80188. 
The crystal frequency selected will be double the 
CPU clock frequency. Use of an LC or RC circuit is 
not recommended with this oscillator. If an ex1ernal 
oscillator is used, it can be connected directly to in- 
put pin X1 in lieu of a crystal. The output of the oscil- 
lator is not directly available outside the 80188. The 
recommended crystal configuration is shown in Fig- 
ure 8. 


80188-10 
(10 MHz) 


80188 
(8 MHz) 


Figure 8. Recommended 
80188 


Crystal Configuration 


The following parameters may be used for choosing 
a crystal: 
Temperature Range: 
ESR (Equivalent Series Resistance): 
Co (Shunt Capacitance of Crystal): 
CL (Load Capacitance): 
Drive Level: 


o to 70·C 
30n max 
7.0 pf max 


20pf±2pf 


1mWmax 


The 80188 clock generator provides the 50% duty 
c¥~I~ processor.clock for the 80188. It does this by 
dividing the oscillator output by 2 forming the sym- 
metrical clock. If an ex1ernal oscillator is used, the 
state of the clock generator will change on the fail- 
ing ~dge of the oscillator signal. The CLKOUT pin 
provides the processor clock signal for use outside 


the 80188. This may be used to drive other system 
components. All timings are referenced to the output 
clock. 


READY Synchronization 


The 80188 provides both synchronous and asyn- 
chronous ready inputs. Asynchronous ready syn- 
chronization is accomplished by circuitry which sam- 
ples ARDY in the middle of T2, T3 and again in the 
middle of each Tw until ARDY is sampled HIGH. 
One-half CLKOUT cycle of resolution time is used. 
Full synchronization is performed only on the rising 
edge of ARDY, Le., the falling edge of ARDY must 
be synchronized to the CLKOUT signal if it will occur 
during T2, T3, or Tw. HIGH-to-LOW transitions of 
ARDY must be performed synchronously to the CPU 
clock. 


A second ready input (SRDY) is provided to inter- 
face with ex1ernallysynchronized ready signals. This 
input is sampled at the end of T2, T3 and again at 
the end of each Tw until it is sampled HIGH. By 
using this input rather than the asynchronous ready 
input, the half-clock cycle resolution time penalty is 
eliminated. 


This input must satisfy set-up and hold times to guar- 
antee proper operation of the circuit. 


In addition, the 80188, as part of the integrated chip- 
select logic, has the capability to program WAIT 
states for memory and peripheral blocks. This is dis- 
cussed in the Chip Select/Ready Logic description. 


RESET Logic 


The 80188 provides both a RES input pin and a syn- 
chronized RESET pin for use with other system 
components. The RES input pin on the 80188 is pro- 
vided with hysteresis in order to facilitate power-on 
Reset lileneration via an RC network. RESET is 
guaranteed to remain active for at least five clocks 
given a RES input of at least six clocks. RESET may 
be delayed up to two and one-half clocks behind 
RES. 


Multiple 80188 processors may be synchronized 
through the RES input pin, since this input resets 
both the processor and divide-by-two internal count- 
er in the clock generator. In order to insure that the 
divide-by-two counters all begin counting at the 
same time, the active going edge of RES must satis- 
fy a 25 ns setup time before the falling edge of the 


80188 clock input. In addition, in order to insure that 
all CPUs begin executing in the same clock cycle, 
the reset must satisfy a 25 ns setup time before the 
rising edge of the CLKOUT signal of all the proces- 
sors. 


The 80188 provides a local bus controller to gener- 
ate the local bus control signals. In addition, it em- 
ploys a HOLD/HLDA protocol for relinquishing the 
local bus to other bus masters. It also provides con- 
trol lines that can be used to enable external buffers 
and to direct the flow of data on and off the local 
bus. 


Memory/Peripheral 
Control 


The 80188 provides ALE, RD, and WR bus control 
signals. The RD and WR signals are used to strobe 
data from memory to the 80188 or to strobe data 
from the 80188 to memory. The ALE line provides a 
strobe to address latches for the multiplexed ad- 
dress/data bus. The 80188 local bus controller does 
not provide a memory/I/O signal. If this is required, 
the user will have to use the S2 signal (which will 
require external latching), make the memory and I/O 
spaces nonoverlapping, or use only the integrated 
chip-select circuitry. 


The 80188 generates two control signals to be con- 
nected to 8286/8287 transceiver chips. This capa- 
bility allows the addition of transceivers for extra 
buffering with~t 
add~external 
logic. These con- 


trol lines, DT/R and DEN, are generated to control 
the flow of data through the transceivers. The opera- 
tion of these signals is shown in Table 6. 


Table 6. Transceiver 
Control 
Signals Description 


Pin Name 
Function 


DEN (Data Enable) 
Enables the output 
drivers of the 
transceivers. It is active 
LOW during memory, 
I/O, or INTA cycles. 
DT/Ff (Data Transmit! 
Determines the direction 


Receive) 
of travel through the 
transceivers. A HIGH 
level directs data away 
from the processor 
during write operations, 
while a LOW level directs 
data toward the 
processor during a read 
operation. 


Local Bus Arbitration 


The 80188 uses a HOLD/HLDA system of local bus 
exchange. This provides an asynchronous bus ex- 
change mechanism. This means multiple masters 
utilizing the same bus can operate at separate clock 
frequencies. The 80188 provides a single HOLD/ 
HLDA pair through which all other bus masters may 
gain control of the local bus. This requires external 
circuitry to arbitrate which external device will gain 
control of the bus from the 80188 when there is 
more than one alternate local bus master. When 
the 80188 relinquishes control of the local bus, it 
floats DEN, RD, WR, SO-S2, LOCK, ADO-AD7, 
A8-A19, S7, and DTiA to allow another master to 
drive these lines directly. 


The 80188 HOLD latency time, Le., the time be- 
tween HOLD request and HOLD acknowledge, is a 
function of the activity occurring in the processor 
when the HOLD request is received. A HOLD re- 
quest is the highest-priority activity request which 
the processor may receive: higher than instruction 
fetching or internal DMA cycles. However, if a DMA 
cycle is in progress, the 80188 will complete the 
transfer before relinquishing the bus. This implies 
that if a HOLD request is received just as a DMA 
transfer begins, the HOLD latency time can be as 
great as 4 bus cycles. This will occur if a DMA word 
transfer operation is taking place from an odd ad- 
dress to an odd address. This is a total of 16 clocks 
or more, if WAIT states are required. In addition, if 
locked transfers are performed, the HOLD latency 
time will be increased by the length of the locked 
transfer. 


Local Bus Controller 
and Reset 


Upon receipt of a RESET pulse from the RES input, 
the local bus controller will perform the following ac- 
tions: 
• Drive DEN, RD, and WR HIGH for one clock cy- 


cle, then float. 


NOTE: 


RD is also provided with an internal pull-up device 
to prevent the processor from inadvertently enter- 
ing Queue Status mode during reset. 
• Drive SO-S2 to the passive state (all HIGH) and 


then float. 


• Drive LOCK HIGH and then float. 
• Three-state ADO-7, A8-19, S7, DT/A. 
• Drive ALE LOW (ALE is never floated). 
• Drive HLDA LOW. 


All the 80188 
integrated 
peripherals 
are controlled 
via 16-bit registers 
contained 
within an internal 
256- 
byte 
control 
block. 
This 
control 
block 
may 
be 
mapped 
into either 
memory 
or I/O 
space. 
Internal 
logic will recognize 
the address 
and respond 
to the 
bus cycle. During bus cycles to internal 
registers, 
the 
bus 
controller 
will 
signal 
the 
operation 
externally 
(i.e., the RD, WR, status, 
address, 
data, etc., lines 
will be driven 
as in a normal 
bus cycle), 
but D7-o, 
SRDY, and ARDY will be ignored. The base address 
of the control 
block 
must be on an even 
256-byte 
boundary 
(i.e., the lower 8 bits of the base address 
are all zeros). All of the defined 
registers 
within this 
control 
block 
may be read or written 
by the 80188 
CPU at any time. The location 
of any register 
con- 
tained 
within 
the 
256-byte 
control 
block 
is deter- 
mined 
by the 
current 
base 
address 
of the control 
block. 


The control 
block base address 
is programmed 
via a 
16-bit relocation 
register contained 
within the control 
block 
at offset 
FEH from 
the base 
address 
of the 
control 
block (see Figure 9). It provides 
the upper 12 
bits of the base address 
of the control 
block. 
Note 
that 
mapping 
the control 
register 
block 
into an ad- 
dress range corresponding 
to a chip-select 
range is 
not recommended 
(the chip 
select 
circuitry 
is dis- 
cussed 
later in this data sheet. 
In addition, 
bit 12 of 
this 
register 
determines 
whether 
the 
control 
block 
will be mapped 
into I/O or memory 
space. 
If this bit 


is 1, the 
control 
block 
will 
be located 
in memory 
space, 
whereas 
if the bit is 0, the control 
block will 
be located 
in I/O space. 
If the control 
register 
block 
is mapped 
into 
I/O 
space, 
the upper 
4 bits of the 
base address 
must be programmed 
as 0 (since I/O 
addresses 
are only 16 bits wide). 


Whenever 
mapping 
the 188 peripheral 
control 
block 
to another 
location, 
the programming 
of the reloca- 
tion register 
should 
be done 
with a byte write 
(i.e. 
OUT 
DX,AL). 
Any 
access' 
to 
the 
control 
block 
is 
done 
16 bits at a time. Thus, 
internally, 
the reloca- 
tion 
register 
will get written 
with 
16 bits of the AX 
register 
while externally, 
the BIU will run only one 8 
bit bus cycle. 
If a word instruction 
is used (i.e. OUT 
DX,AX), the relocation 
register will be written 
on the 
first bus cycle. 
The BIU will then run a second 
bus 
cycle which is unnecessary. 
The address 
of the sec- 
ond 
bus cycle 
will no longer 
be within 
the control 
block 
(i.e. the control 
block was moved 
on the first 
cycle), 
and therefore, 
will require 
the generation 
of 
an external 
ready signal to complete 
the cycle. 
For 
this reason 
we recommend 
byte operations 
to the 


relocation 
register. 
Byte 
instructions 
may 
also 
be 
used 
for 
the 
other 
registers 
in the 
control 
block 


and will eliminate 
half of the bus cycles 
required 
if a 


word operation 
had been specified. 
Byte operations 


are only valid 
on even 
addresses 
though, 
and are 


undefined 
on odd addresses. 


In addition 
to providing 
relocation 
information 
for the 


control 
block, 
the 
relocation 
register 
contains 
bits 


which place the interrupt 
controller 
into slave mode, 


and cause 
the CPU to interrupt 
upon encountering 


ESC instructions. 
At RESET, 
the relocation 
register 


is set to 20FFH. 
This 
causes 
the control 
block 
to 


start at FFOOH in I/O 
space. 
An offset 
map of the 


256-byte 
control 
register 
block 
is shown 
in Figure 


10. 


The integrated 
80188 
peripherals 
operate 
semi-au- 
tonomously 
from the CPU. Access 
to them 
for the 


most 
part is via software 
read/write 
of the control 


and 
data 
locations 
in the 
control 
block. 
Most 
of 


these 
registers 
can be both read and written. 
A few 


dedicated 
lines, such as interrupts 
and DMA request 


provide 
real-time 
communication 
between 
the CPU 


and peripherals 
as in a more 
conventional 
system 


utilizing discrete 
peripheral 
blocks. The overall 
inter- 


action and function 
of the peripheral 
blocks 
has not 


substantially 
changed. 
The data access 
from/to 
the 


256-byte 
internal 
control 
block will always 
be 16-bit 


and done 
in one bus cycle. 
Externally 
the BIU will 


still run two bus cycles 
for each 16-bit operation. 


CHIP-SELECT IREADY 
GENERATION 


LOGIC 


The 80188 
contains 
logic which 
provides 
program- 


mable chip-select 
generation 
for both memories 
and 


peripherals. 
In addition, 
it can 
be programmed 
to 


provide 
READY 
(or WAIT 
state) 
generation. 
It can 


also 
provide 
latched 
address 
bits A 1 and A2. The 


chip-select 
lines are active 
for all memory 
and I/O 


cycles 
in their programmed 
areas, 
whether 
they be 


generated 
by the CPU or by the integrated 
DMA unit. 


Memory Chip Selects 


The 80188 
provides 
6 memory 
chip select 
outputs 


for 3 address 
areas: upper 
memory, 
lower memory, 


and midrange 
memory. 
One each is provided 
for up- 


per memory 
and lower memory, 
while four are pro- 


vided for midrange 
memory. 


The range for each chip select 
is user-programma- 


ble and can be set to 2K, 4K, 8K, 16K, 32K, 64K, 
128K (plus 
1K and 256K 
for upper 
and lower 
chip 


selects). 
In addition, 
the beginning 
or base address 


inter 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
0 
OFFSET: 
FEH ! ET I SLAVE/MASTER! 
X 
!MilO! 
Relocation Address Bits R19-R8 
ET 
~ ESCTrap / No ESCTrap (1/0) 


MilO = Rrgister block located in Memory / I/O Space (1/0) 
SLAVE/MA 
TER ~ Configure interrupt controller lor Slave/MASTER Mode (1/0) 


Relocation Register 


DMA Descriptors Channel 1 


DMA Descriptors Channel 0 


Chip-Select Control Registers 


Timer 2 Control Registers 


Timer 1 Control Registers 


Timer 0 Control Registers 


Interrupt Controller Registers 


of the midrange memory chip select may also be 
selected. Only one chip select may be programmed 
to be active for any memory location at a time. All 
chip select sizes are in bytes. 


Upper Memory CS 


The 80188 provides a chip select, called UCS, for 
the top of memory. The top of memory is usually 
used as the system memory because after reset the 
80188 
begins 
executing 
at 
memory 
location 


FFFFOH. 


The upper limit of memory defined by this chip select 
is always FFFFFH, while the lower limit is program- 
mable. By programming the lower limit, the size of 
the select block is also defined. Table 7 shows the 
relationship between the base address selected and 
the size of the memory block obtained. 


Table 7. UMCS Programming 
Values 


Starting 
Memory 
UMCSValue 
Address 
{Base 
Block 
(Assuming 


Address) 
Size 
RO=R1 
=R2=O) 


FFCOO 
1K 
FFF8H 


FF800 
2K 
FFB8H 


FFOOO 
4K 
FF38H 


FEOOO 
8K 
FE38H 


FCOOO 
16K 
FC38H 


F8000 
32K 
F838H 


FOOOO 
64K 
F038H 


EOOOO 
128K 
E038H 


cocoa 
256K 
C038H 


The lower limit of this memory block is defined in the 
UMCS register (see Figure 11). This register is at 
offset AOH in the internal control block. The legal 
values for bits 6-13 
and the resulting starting ad- 


dress and memory block sizes are given in Table 7. 
Any combination of bits 6-13 not shown in Table 7 
will result in undefined operation. After reset, the 
UMCS register is programmed for a 1K area. It must 
be reprogrammed if a larger upper memory area is 
desired. 


Any internally generated 20-bit address whose up- 
per 16 bits are greater than or equal to UMCS (with 
bits 0-5 "0") will cause UCS to be activated. UMCS 
bits R2-RO are used to specify READY mode for the 
area of memory defined by this chip-select register, 
as explained below. 


Lower Memory CS 


The 80188 provides a chip select for low memory 
called LCS. The bottom of memory contains the in- 
terrupt vector table, starting at location OOOOOH. 


inter 


The lower limit of memory defined 
by this chip select 


is always OH, while the upper limit is programmable. 
By programming 
the 
upper 
limit, 
the 
size 
of 
the 


memory 
block 
is also 
defined. 
Table 
8 shows 
the 


relationship 
between 
the 
upper 
address 
selected 


and the size of the memory 
block obtained. 


Table 
8. LMCS Programming 
Values 


Upper 
Memory 
LMCSValue 


Address 
Block 
(Assuming 


Size 
RO=R1 
=R2=O) 


003FFH 
1K 
0038H 


007FFH 
2K 
0078H 


OOFFFH 
4K 
00F8H 


01FFFH 
8K 
01F8H 


03FFFH 
16K 
03F8H 


07FFFH 
32K 
07F8H 


OFFFFH 
64K 
OFF8H 


1FFFFH 
128K 
1FF8H 


3FFFFH 
256K 
3FF8H 


The upper limit of this memory block is defined 
in the 


LMCS 
register 
(see 
Figure 
12). This 
register 
is at 


offset 
A2H 
in the 
internal 
control 
block. 
The 
legal 


values for bits 6-15 
and the resulting 
upper address 


and memory 
block 
sizes are given in Table 
8. Any 


combination 
of bits 6-15 
not shown 
in Table 
8 will 


result in undefined 
operation. 
After reset, the LMCS 


register 
value is undefined. 
However, 
the LCS chip- 


select 
line will 
not 
become 
active 
until 
the 
LMCS 


register 
is accessed. 


Any internally 
generated 
20-bit 
address 
whose 
up- 


per 16 bits are less than or equal to LMCS (with bits 
0-5 
"1") 
will cause LCS to be active. 
LMCS register 


bits R2-RO 
are used to specify the READY mode for 


the area of memory 
defined 
by this chip-select 
regis- 


ter. 


The 80188 provides 
four MCS lines which are active 


within 
a user-locatable 
memory 
block. 
This 
block 


can be located 
within 
the 80188 
1M byte memory 


address 
space 
exclusive 
of the 
areas 
defined 
by 


UCS and LCS. Both the base 
address 
and size of 


this memory 
block are programmable. 


The size of the 
memory 
block 
defined 
by the mid- 


range 
select 
lines, 
as shown 
in Table 
9, is deter- 


mined by bits 8-14 
of the MPCS register 
(see Figure 


13). This register 
is at location 
A8H in the internal 


control 
block. 
One and only one of bits 8-14 
must 


be set at a time. Unpredictable 
operation 
of the MCS 


lines will otherwise 
occur. 
Each of the four chip-se- 


lect lines is active for one of the four equal contigu- 
ous divisions 
of the mid-range 
block. Thus, if the to- 


tal block size is 32K, each chip select is active for 8K 
of memory with MCSO being active for the first range 
and MCS3 being active for the last range. 


The EX and MS in MPCS relate to peripheral 
func- 


tionality 
as described 
in a later section. 


Table 
9. MPCS Programming 
Values 


Total 
Block 
Individual 
MPCS Bits 


Size 
Select 
Size 
14-8 


8K 
2K 
0000001B 


16K 
4K 
0000010B 


32K 
8K 
0000100B 


64K 
16K 
0001000B 


128K 
32K 
0010000B 


256K 
64K 
0100000B 


512K 
128K 
1000000B 


The base address 
of the mid-range 
memory 
block is 


defined 
by bits 15-9 
of the MMCS register 
(see Fig- 


ure 14). This register 
is at offset 
A6H in the internal 


control 
block. 
These 
bits 
correspond 
to 
bits 


A 19-A 13 
of 
the 
20-bit 
memory 
address. 
Bits 


A12-AO 
of the base address are always o. The base 


address 
may be set at any integer 
multiple 
of the 


size of the total 
memory 
block 
selected. 
For exam- 


ple, if the mid-range 
block size is 32K (or the size of 


the block 
for which 
each 
MCS line is active 
is 8K), 


the block 
could 
be located 
at 10000H 
or 18000H, 


but not at 14000H, 
since the first few integer 
multi- 


ples 
of 
a 
32K 
memory 
block 
are 
OH, 
8000H, 


10000H, 
18000H, 
etc. After 
reset, 
the contents 
of 


both of these registers 
is undefined. 
However, 
none 


of the MCS lines will be active 
until both the MMCS 


and MPCS registers 
are accessed. 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


OFFSET: 
AOH I 
1 I 
1 
U 
u I u I u I u 
u I u I u 
1 
1 
1 I A2 I A1 I AO I 


A19 
A11 


Figure 
11. UMCS Register 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


OFFSET: 
A2H I 
0 I 
0 
u 
u 
u 
u 
u 
u I u I u 
1 
1 
1 I A2 I A1 I AO I 


A19 
A11 


Figure 
12. LMCS Register 
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15 
14 
13 
12 
11 
10 
9 
8 
7 
e 
5 
4 
3 
2 
1 
0 
OFFSET: A8HI 
1 I Me I M5 I M4 I M3 I M2 I M1 I MO I EX I MS I 
1 
1 
1 I R2 I R1 I RO I 


15 
9 
3 
0 
OFFSET: A6H I 
u I 
u I 
u I 
u I 
u I 
u I 
u I 
1 I 
1 I 
1 I 
1 I 
1 
1 I R2 I R1 I RO I 
M9 
M3 


MMCS bits R2-RO specify READY mode of opera- 
tion for all mid-range chip selects. All devices in mid- 
range memory must use the same number of WAIT 
states. 


The 512K block size for the mid-range memory chip 
selects is a special case. When using 512K, the 
base address would have to be at either locations 
OOOOOHor 80000H. If it were to be programmed at 
OOOOOHwhen the LCS line was programmed, there 
would be an internal conflict between the LCS ready 
generation logic and the MCS ready generation log- 
ic. Likewise, if the base address were programmed 
at 80000H, there would be a conflict with the UCS 
ready generation logic. Since the LCS chip-select 
line does not become active until programmed, while 
the UCS line is active at reset, the memory base can 
be set only at OOOOOH.If this base address is select- 
ed, however, the 
LCS range must not be pro- 


grammed. 


The 80188 can generate chip selects for up to seven 
peripheral devices. These chip selects are active for 
seven contiguous blocks of 128 bytes above a pro- 
grammable base address. This base address may 
be located in either memory or I/O space. 


Seven CS lines called PCSO-6 are generated by the 
80188. The base address is user-programmable; 


however it can only be a multiple of 1K bytes, Le., 
the least significant 10 bits of the starting address 
are always O. 


PCS5and PCS6can also be programmed to provide 
latched address bits A1, A2. If so programmed, they 
cannot be used as peripheral selects. These outputs 
can be connected directly to the AO, A1 pins used 
for selecting internal registers of 8-bit peripheral 
chips. This scheme simplifies the hardware interface 
because the 8-bit registers of peripherals are simply 
treated as 16-bit registers located on even bounda- 
ries in I/O space or memory space where only the 
lower 8-bits of the register are significant: the upper 
8-bits are "don't cares." 


The starting address of the peripheral chip-select 
block is defined by the PACS register (see Figure 
15). This register is located at offset A4H in the inter- 
nal control block. Bits 15-6 of this register corre- 
spond to bits 19-10 
of the 20-bit Programmable 


Base Address (PBA) of the peripheral chip-select 
block. Bits 9-0 of the PBA of the peripheral chip-se- 
lect block are all zeros. If the chip-select block is 
located in I/O 
space, bits 12-15 
must be pro- 


grammed zero, since the I/O address is only 16 bits 
wide. Table 10 shows the address range of each 
peripheral chip select with respect to the PBA con- 
tained in PACS register. 


15 
6 
5 


OFFSET: A4HI 
u I 
u I 
u I 
u I 
u I 
u I 
u I 
u I 
u I 
u I 
1 I 
1 


A19 
A10 


3 
0 


1 I R2 I R1 I RO I 


inter 


The user should program 
bits 15-6 
to correspond 
to 


the desired 
peripheral 
base location. 
PACS bits 0-2 


are used to specify 
READY 
mode for PCSO-PCS3. 


Table 10. PCS Address 
Ranges 


PCS Line 
Active between 
Locations 


PCSO 
PBA 
-PBA+127 


PCS1 
PBA + 128-PBA 
+ 255 


PCS2 
PBA + 256-PBA 
+ 383 


PCS3 
PBA + 384-PBA 
+ 511 


PCS4 
PBA + 512-PBA 
+ 639 


PCS5 
PBA + 64Q-PBA 
+ 767 


PCS6 
PBA + 768-PBA 
+ 895 


The mode of operation 
of the peripheral 
chip selects 


is defined 
by the MPCS register 
(which is also used 


to set the size of the mid-range 
memory 
chip-select 


block, see Figure 13). This register 
is located 
at off- 


set A8H in the internal control 
block. Bit 7 is used to 


select the function 
of PCS5 and PCS6, while bit 6 is 


used to select 
whether 
the 
peripheral 
chip 
selects 


are mapped 
into 
memory 
or I/O 
space. 
Table 
11 


describes 
the programming 
of these bits. After reset, 


the contents 
of both the MPCS and the PACS regis- 


ters are undefined, 
however 
none of the PCS lines 


will be active until both of the MPCS and PACS reg- 
isters are accessed. 


Bit 
Description 


MS 
1 = Peripherals 
mapped 
into memory space. 
o = Peripherals 
mapped 
into I/O space. 


EX 
o = 5 PCS lines. A 1, A2 provided. 
1 = 7 PCS lines. A 1, A2 are not provided. 


MPCS bits 0-2 
are used to specify READY mode for 


PCS4-PCS6 
as outlined 
below. 


READY Generation 
Logic 


The 80188 can generate 
a "READY" 
s!9!!.al internal- 


ly for each of the memory or peripheral 
CS lines. The 


number 
of WAIT states 
to be inserted 
for each pe- 


ripheral 
or memory 
is programmable 
to provide 
0-3 


wait states for all accesses 
to the area for which the 


chip select 
is active. 
In addition, 
the 80188 
may be 


programmed 
to 
either 
ignore 
external 
READY 
for 


each chip-select 
range individually 
or to factor exter- 
nal READY with the integrated 
ready generator. 


READY control 
consists 
of 3 bits for each CS line or 


group of lines generated 
by the 80188. The interpre- 
tation 
of the ready bits is shown 
in Table 
12. 


R2 
R1 
RO 
Number of WAIT States Generated 


0 
0 
0 
o wait states, external 
ROY 


also used. 
0 
0 
1 
1 wait state inserted, 
external 
ROY 


also used. 
0 
1 
0 
2 wait states inserted, 
external 
ROY 


also used. 
0 
1 
1 
3 wait states inserted, 
external 
ROY 


also used. 
1 
0 
0 
o wait states, external 
ROY 


ignored. 


1 
0 
1 
1 wait state inserted, 
external 
ROY 
ignored. 


1 
1 
0 
2 wait states inserted, 
external 
ROY 


ignored. 


1 
1 
1 
3 wait states inserted, 
external 
ROY 


ignored. 


The 
internal 
ready 
generator 
operates 
in parallel 


with 
external 
READY, 
not 
in series 
if the 
external 


READY is used (R2 = 0). This means, for example, 
if the 
internal 
generator 
is set 
to 
insert 
two 
wait 


states, 
but activity 
on the external 
READY 
lines will 


insert four wait states, the processor 
will only insert 


four wait states, not six. This is because 
the two wait 


states 
generated 
by the 
internal 
generator 
over- 


lapped the first two wait states generated 
by the ex- 


ternal ready signal. Note that the external 
ARDY and 


SRDY 
lines 
are 
always 
ignored 
during 
cycles 
ac- 


cessing 
internal 
peripherals. 


R2-RO 
of each 
control 
word 
specifies 
the READY 


mode for the corresponding 
block, 
with the excep- 


tion of the peripheral 
chip selects: 
R2-RO 
of PACS 


set the PCSO-3 
READY mode, R2-RO 
of MPCS set 


the PCS4-6 
READY 
mode. 


Chip Setect/Ready 
Logic and Reset 


Upon 
reset, 
the Chip-Select/Ready 
Logic 
will 
per- 


form the following 
actions: 


• 
All chip-select 
outputs 
will be driven 
HIGH. 


• 
Upon 
leaving 
RESET, 
the 
UCS line will be pro- 


grammed 
to provide 
chip 
selects 
to a 1K block 


with the accompanying 
READY control 
bits set at 


011 to allow the maximum 
number of internal wait 


states in conjunction 
with external 
Ready consid- 


eration 
(Le., UMCS resets to FFFBH). 


• 
No other 
chip select 
or READY 
control 
registers 


have any predefined 
values 
after 
RESET. 
They 


will not 
become 
active 
until 
the 
CPU accesses 


their control 
registers. 
Both the PACS and MPCS 


registers 
must be accessed 
before the PCS lines 


will become 
active. 


inter 


The 80188 DMA controller provides two indepen- 
dent DMA channels. Data transfers can occur be- 
tween memory and I/O spaces (e.g., Memory to I/O) 
or within the same space (e.g., Memory to Memory 
or I/O to I/O). Each DMA channel maintains both a 
20-bit source and destination pointer which can be 
optionally incremented or decremented after each 
data transfer. Each data transfer consumes 2 bus 
cycles (a minimum of 8 clocks), one cycle to fetch 
data and the other to store data. This provides a 
data transfer rate of one MByte/sec at 8 MHz. 


Each channel has six registers in the control block 
which define each channel's specific operation. The 
control registers consist of a 20-bit Source pointer (2 
words), a 20-bit Destination pointer (2 words), a 16- 
bit Transfer Counter, and a 16-bit Control Word. 


The format of the DMA Control Blocks is shown in 
Table 13. The Transfer Count Register (TC) speci- 
fies the number of DMA transfers to be performed. 
Up to 64K byte transfers can be performed with au- 
tomatic termination. The Control Word defines the 
channel's operation (see Figure 17). All registers 
may be modified or altered during any DMA activity. 
Any changes made to these registers will be reflect- 
ed immediately in DMA operation. 


Table 13. DMA Control Block Format 


Register Name 
Register Address 


Ch.O 
Ch.1 


Control Word 
CAH 
DAH 


Transfer Count 
C8H 
D8H 


Destination Pointer (upper 4 
C6H 
D6H 


bits) 
Destination Pointer 
C4H 
D4H 


Source Pointer (upper 4 bits) 
C2H 
D2H 


Source Pointer 
COH 
DOH 


DMA 
CONTROL 


LOGIC 


Each DMA Channel Control Word determines the 
mode of operation for the particular 80188 DMA 
channel. This register specifies: 


• the mode of synchronization; 
• whether interrupts will be generated after the last 


transfer; 
• whether DMA activity will cease after a pro- 


grammed number of DMA cycles; 
• the relative priority of the DMA channel with re- 


spect to the other DMA channel; 
• whether the source pointer will be incremented, 
decremented, or maintained constant after each 
transfer; 


• whether the source pointer addresses memory or 


liD 
space; 


• whether the destination pointer will be increment- 


ed, decremented, or maintained constant after 
each transfer; and 
• whether 
the 
destination 
pointer will 
address 


memory or liD 
space. 


The DMA channel control registers may be changed 
while the channel is operating. However, any chang- 
es made during operation will affect the current DMA 
transfer. 


ST/STOP: 
CHG/NOCHG: 


Startlstop 
(1/0) Channel. 


Change/Do 
not 
change 
(1/0) 


STISTOP bit. If this bit is set when 
writi~ 
the control word, the 


STISTOP 
bit will be programmed 


by the write to the control word. If 
this bit is cleared when writing the 
control word, the STISTOP bit will 
not be altered. This bit is not 
stored; it will always be a 0 on 
read. 
Enable Interrupts to CPU on byte 
count termination. 


If set, DMA will terminate when the 
contents of the Transfer Count regis- 
ter reaches zero. The STISTOP 
bit 


will also be reset at this point if TC is 
set. If this bit is cleared, the DMA unit 
will decrement the transfer count reg- 
ister for each DMA cycle, but the 
DMA transfer will not stop when the 
contents of the TC register reaches 
zero. 
00 No Synchronization 
01 Source Synchronization 


NOTE: 


When unsynchronized transfers are 
specified, the TC bit will be ignored 
and the ST bit will be cleared upon 
the transfer 
count 
reaching zero, 


stopping the channel. 


10 Destination Synchronization 
11 Unused 
SOURCE:INC Increment source pointer by 1 after 


each transfer. 


MilO Source pointer is in MilO space (110). 
DEC Decrement source pointer by 1 after 


each transfer. 


INC Increment destination pointer by 1 af- 


ter each transfer. 


MilO 
Destination pointer is in MilO 
space 


(1/0). 
DEC Decrement destination pointer by 1 


after each transfer. 
Channel 
priority-relative 
to 
other 


channel. 
o low priority. 
1 high priority. 


Channels will alternate cycles if both 
set at same priority level. 


0: Disable DMA requests from timer 


2. 


SYN: 
(2 bits) 


1: Enable DMA requests from timer 


2. 


Bit 3 
Bit 3 is not used. 


If both INC and DEC are specified for the same 
pointer, the pointer will remain constant after each 
cycle. 


22-133 


DMA Destination 
and Source Pointer 


Registers 


Each DMA channel maintains a 20-bit source and a 
20-bit destination pointer. Each of these pointers 
takes up two full 16-bit registers in the peripheral 
control block. The lower four bits of the upper regis- 
ter contain the upper four bits of the 20-bit physical 
address (see Figure 18).These pointers may be indi- 
vidually incremented or decremented after each 
transfer. Each pointer may point into either memory 
or I/O space. Since the DMA channels can perform 
transfers to or from odd addresses, there is no re- 
striction on values for the pointer registers. 


Each DMA channel maintains a 16-bit transfer count 
register (TC). This register is decremented after ev- 
ery DMA cycle, regardless of the state of the TC bit 
in the DMA Control Register. If the TC bit in the DMA 
control word is set or if unsynchronized transfers are 
programmed, DMA activity will terminate when the 
transfer count register reaches zerO. 


Data transfers may be either source or destination 
synchronized, that is either the source of the data or 
the destination of the data may request the data 
transfer. In addition, DMA transfers may be unsyn- 


chronized; that is, the transfer will take place contin- 
ually until the correct number of transfers has oc- 
curred. When source or unsynchronized transfers 
are performed, the DMA channel may begin another 
transfer immediately after the end of a previous 
DMA transfer. This allows a complete transfer to 
take place every 2 bus cycles or eight clock cycles 
(assuming no wait states). No prefetching occurs 
when source synchronized or unsynchronized trans- 
fers are performed, however. Data will not be 
fetched from the source address until the destina- 
tion device signals that it is ready to receive it. When 
destination synchronized transfers are requested, 
the DMA controller will relinquish control of the bus 
after every transfer. If no other bus activity is initiat- 
ed, another DMA cycle will begin after two processor 
clocks. This is done to allow the destination device 
time to remove its request if another transfer is not 
desired. Since the DMA controller will relinquish the 
bus, the CPU can initiate a bus cycle. As a result, a 
complete bus cycle will often be inserted between 
destination synchronized transfers. These lead to 
the maximum DMA transfer rates shown in Table 14. 


Table 14. Maximum DMA Transfer 
Rates @ 10 MHz 


Type of 
Synchronization 
CPURunning 
CPUHalted 


Selected 


Unsynchronized 
1.25MBytes/sec 1.25MBytes/sec 


SourceSynch 
1.25MBytes/sec 1.25MBytes/sec 


DestinationSynch 0.83MBytes/sec 1.0MBytes/sec 


HIGHER 


REGISTER 
ADDRESS 


LOWER 


REGISTER 
ADDRESS 


xxx 
xxx 
XXX 
A19-A16 


A15-A12 
A11-A8 
A7-A4 
A3-AO 


intJ 


DMA Acknowledge 


No explicit DMA acknowledge pulse is provided. 
Since both source and destination pointers are 
maintained, a read from a requesting source, or a 
write to a requesting destination, should be used as 
the DMA acknowledge signal. Since the chip-select 
lines can be programmed to be active for a given 
block of memory or I/O space, and the DMA point- 
ers can be programmed to point to the same given 
block, a chip-select line could be used to indicate a 
DMA acknowledge. 


DMA Priority 


The DMA channels may be programmed such that 
one channel is always given priority over the other, 
or they may be programmed such as to alternate 
cycles when both have DMA requests pending. DMA 
cycles always have priority over internal CPU cycles 
except between locked memory accesses or word 
accesses to odd memory locations; however, an ex- 
ternal bus hold takes priority over an internal DMA 
cycle. Because an interrupt request cannot suspend 
a DMA operation and the CPU cannot access mem- 
ory during a DMA cycle, interrupt latency time will 
suffer during sequences of continuous DMA cycles. 
An NMI request, however, will cause all internal 
DMA activity to halt. This allows the CPU to quickly 
respond to the NMI request. 


DMA Programming 


DMA cycles will occur whenever the ST/STOP bit of 
the Control Register is set. If synchronized transfers 


MAX COUNT 
YALUE 
A 


MAX 
COUNT 
YALUE 
B 


MOD£JCONTROL 
WORD 


are programmed, a ORO must also have been gen- 
erated. Therefore, the source and destination trans- 
fer pointers, and the transfer count register (if used) 
must be programmed before this bit is set. 


Each DMA register may be modified while the chan- 
nel is operating. If the CHGINOCHG bit is cleared 
when the control register is written, the ST/STOP bit 
of the control register will not be modified by the 
write. If multiple channel registers are modified, it is 
reGommended that a LOCKED string transfer be 
used to prevent a DMA transfer from occurring be- 
tween updates to the channel registers. 


Upon RESET, the DMA channels will perform the 
following actions: 
• The Start/Stop bit for each channel will be reset 


to STOP. 
• Any transfer in progress is aborted. 


The 80188 provides three internal 16-bit program- 
mable timers (see Figure 19). Two of these are high- 
ly flexible and are connected to four external pins (2 
per timer). They can be used to count external 
events, time external events, generate nonrepetitive 
waveforms, etc. The third timer is not connected to 
any external pins, and is useful for real-time coding 
and time delay applications. In addition, this third 
timer can be used as a prescaler to the other two, or 
as a DMA request source. 


inter 


The timers are controlled by 11 16-bit registers in 
the internal peripheral control block. The configura- 
tion of these registers is shown in Table 15. The 
count register contains the current value of the tim- 
er. It can be read or written at any time independent 
of whether the timer is running or not. The value of 
this register will be incremented for each timer 
event. Each of the timers is equipped with a MAX 
COUNT register, which defines the maximum count 
the timer will reach. After reaching the MAX COUNT 
register value, the timer count value will reset to zero 
during that same clock, Le., the maximum count val- 
ue is never stored in the count register itself. Timers 
o and 1 are, in addition, equipped with a second 
MAX COUNT register, which enables the timers to 
alternate their count between two different MAX 
COUNT values programmed by the user. If a single 
MAX COUNT register is used, the timer output pin 
will switch LOW for a single clock, 2 clocks after the 
maximum count value has been reached. In the dual 
MAX COUNT register mode, the output pin will indi- 
cate which MAX COUNT register is currently in use, 
thus allowing nearly complete freedom in selecting 
waveform duty cycles. For the timers with two MAX 
COUNT registers, the RIU bit in the control register 
determines which is used for the comparison. 
. 


Each timer gets serviced every fourth CPU-clock cy~ 
cle, and thus can operate at speeds up to one-quar- 
ter the internal clock frequency (one-eighth the crys- 
tal rate). External clocking of the timers may be done 
at up to a rate of one-quarter of the internal CPU- 
clock rate (2 MHz for an 8 MHz CPU clock). Due to 
internal synchronization and pipelining of the timer 
circuitry, a timer output may take up to 6 clocks to 
respond to any individual clock or gate input. 


Since the count registers and the maximum count 
registers are all 16 bits wide, 16 bits of resolution are 
provided. Any Read or Write access to the timers will 
add one wait state to the minimum four-clock bus 
cycle, however. This is needed to synchronize and 
coordinate the internal data flows between the inter- 
nal timers and the internal bus. 


The timers have several programmable options. 
• All three timers can be set to halt or continue on 


a terminal count. 


• Timers 0 and 1 can select between internal and 


external clocks, alternate between MAX COUNT 
registers and be set to retrigger on external 
events. 


• The timers may be programmed to cause an in- 


terrupt on terminal count. 


These options are selectable via the timer model 
control word. 


Timer Mode/Control 
Register 


The mode/control 
register (see Figure 20) allows 


the user to program the specific mode of operation 
or check the current programmed status for any of 
the three integrated timers. 


Table 15.Timer Control Block Format 


Register Name 
Register Offset 


Tmr.O 
Tmr.1 
Tmr.2 


Mode/Control Word 
56H 
5EH 
66H 


Max Count B 
54H 
5CH 
not present 


Max Count A 
52H 
5AH 
62H 


Count Register 
50H 
58H 
60H 


1 
0 


ALT 
I CONT I 


The ALT bit determines which of two MAX COUNT 
registers is used for count comparison. If ALT = 0, 
register A for that timer is always used, while if 
ALT = 1, the comparison will alternate between reg- 
ister A and register B when each maximum count is 
reached. This alternation allows the user to change 
one MAX COUNT register while the other is being 
used, and thus provides a method of generating 
non-repetitive waveforms. Square waves and pulse 
outputs of any duty cycle are a subset of available 
signals obtained by not changing the final count reg- 
isters. The ALT bit also determines the function of 
the timer output pin. If ALT is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count is reached. If ALT is one, the output pin will 
reflect the current MAX COUNT register being used 
(0/1 for B/ A). 


Setting the CaNT bit causes the associated timer to 
run continuously, while resetting it causes the timer 
to halt upon maximum count. If CaNT = 0 and ALT 
= 1, the timer will count to the MAX COUNT register 
A value, reset, count to the register B value, reset, 
and halt. 


The external bit selects between internal and exter- 
nal clocking for the timer. The external signal may 
be asynchronous with respect to the 80188 clock. 
If this bit is set, the timer will count LOW-to-HIGH 
transitions on the input pin. If cleared, it will count an 
internal clock while using the input pin for control. In 
this mode, the function of the external pin is defined 
by the RTG bit. The maximum input to output tran- 
sition latency time may be as much as 6 clocks. 
However, clock inputs may be pipelined as closely 
together as every 4 clocks without losing clock puls- 
es. 


The prescaler bit is ignored unless internal clocking 
has been selected (EXT = 0). If the P bit is a zero, 
the timer will count at one-fourth the internal CPU 
clock rate. If the P bit is a one, the output of timer 2 
will be used as a clock for the timer. Note that the 
user must initialize and start timer 2 to obtain the 
prescaled clock. 


Retrigger bit is only active for internal clocking 
(EXT = 0). In this case it determines the control 
function provided by the input pin. 


• 
I 
y---- 
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on and off. If the input pin is HIGH, the timer will 
count; if the input pin is LOW, the timer will hold its 
value. As indicated previously, the input signal may 
be asynchronous with respect to the 80188 clock. 


When RTG = 1, the input pin detects LOW-to-HIGH 
transitions. The first such transition starts the timer 
running, clearing the timer value to zero on the first 
clock, and then incrementing thereafter. 
Further 


transitions on the input pin will again reset the timer 
to zero, from which it will start counting up again. If 
CaNT = 0, when the timer has reached maximum 
count, the EN bit will be cleared, inhibiting further 
timer activity. 


The enable bit provides programmer control over 
the timer's RUN/HALT status. When set, the timer is 
enabled to increment subject to the input pin con- 
straints in the internal clock mode (discussed previ- 
ously). When cleared, the timer will be inhibited from 
counting. All input pin transitions during the time EN 
is zero will be ignored. If CaNT is zero, the EN bit is 
automatically cleared upon maximum count. 


The inhibit bit allows for selective updating of the 
enable (EN) bit. If INH is a one during the write to the 
mode/control word, then the state of the EN bit will 
be modified by the write. If INH is a zero during the 
write, the EN bit will be unaffected by the operation. 
This bit is not stored; it will always be a 0 on a read. 


When set, the INT bit enables interrupts from the 
timer, which will be generated on every terminal 
count. If the timer is configured in dual MAX COUNT 
register mode, an interrupt will be generated each 
time the value in MAX COUNT register A is reached, 
and each time the value in MAX COUNT register B is 
reached. If this enable bit is cleared after the inter- 
rupt request has been generated, but before a pend- 
ing interrupt is serviced, the interrupt request will still 
be in force. (The request is latched in the Interrupt 
Controller.) 


The Maximum Count bit is set whenever the timer 
reaches its final maximum count value. If the timer is 
configured in dual MAX COUNT register mode, this 
bit will be set each time the value in MAX COUNT 
register A is reached, and each time the value in 
MAX COUNT register B is reached. This bit is set 


regardless of the timer's interrupt-enable bit. The 
MC bit gives the user the ability to monitor timer 
status through software instead of through inter- 
rupts. Programmer intervention is required to clear 
this bit. 


The 
Register 
In Use bit 
indicates which 
MAX 


COUNT register is currently being used for compari- 
son to the timer count value. A zero value indicates 
register A. The RIU bit cannot be written, i.e., its 
value is not affected when the control register is writ- 
ten. It is always cleared when the ALT bit is zero. 


Not all mode bits are provided for timer 2. Certain 
bits are hardwired as indicated below: 


Count Registers 


Each of the three timers has a 16-bit count register. 
The current contents of this register may be read or 
written by the processor at any time. If the register is 
written into while the timer is counting, the new value 
will take effect in the current count cycle. 


Max Count Registers 


Timers 0 and 1 have two MAX COUNT registers, 
while timer 2 has a single MAX COUNT register. 
These contain the number of events the timer will 
count. In timers 0 and 1, the MAX COUNT register 
used can alternate between the two max count val- 
ues 
whenever 
the 
current 
maximum count 
is 


reached. The condition which causes a timer to re- 
set is equivalent between the current count value 
and the max count being used. This means that if 
the count is changed to be above the max count 
value, or if the max count value is changed to be 
below the current value, the timer will not reset to 
zero, but rather will count to its maximum value, 
"wrap around" to zero, then count until the max 
count is reached. 


Upon RESET, the Timers will perform the following 
actions: 


• All EN (Enable) bits are reset preventing timer 


counting. 


• All SEL (Select) bits are reset to zero. This se- 


lects MAX COUNT register A, resulting in the 
Timer Out pins going HIGH upon RESET. 


The 80188 can receive interrupts from a number of 
sources, both internal and external. The internal in- 
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 


Internal interrupt sources (Timers and DMA chan- 
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
80188 interrupt controller has its own control regis- 
ter that set the mode of operation for the controller. 


The interrupt controller will resolve priority among 
requests that are pending simultaneously. Nesting is 
provided so interrupt service routines for lower priori- 
ty interrupts may themselves be interrupted by high- 
er priority interwpts. A block diagram of the interrupt 
controller is shown in Figure 21. 


The 80188 has a special slave mode in which the 
internal interrupt controller acts as a slave to an ex- 
ternal master. The controller is programmed into this 
mode by setting bit 14 in the peripheral control block 
relocation register. (See Slave Mode section.) 


For external interrupt sources, five dedicated pins 
are provided. One of these pins is dedicated to NMI, 
non-maskable interrupt. This is typically used for 
power-fail interrupts, etc. The other four pins may 
function either as four interrupt input lines with inter- 
nally generated interrupt vectors, as an interrupt line 
and an interrupt acknowledge line (called the "cas- 
cade mode") along with two other input lines with 
internally generated interrupt vectors, or as two in- 
terrupt input lines and two dedicated interrupt ac- 
knowledge output lines. When the interrupt lines are 
configured in cascade mode, the 80188 interrupt 
controller will not generate internal interrupt vectors. 


External sources in the cascade mode use external- 
ly generated interrupt vectors. When an interrupt is 
acknowledged, two INTA cycles are initiated and the 
vector is read into the 80188 on the second cycle. 
The capability to interface to external 8259A pro- 
grammable interrupt controllers is thus provided 
when the inputs are configured in cascade mode. 


Interrupt Controller 
Modes of 


Operation 


The basic modes of operation of the interrupt con- 
troller in master mode are similar to the 8259A. The 
interrupt controller responds indentically to internal 
interrupts in all three modes: the difference is only in 
the interpretation of function of the four external in- 
terrupt pins. The interrupt controller is set into one of 
these three modes by programming the correct bits 
in the INTOand INT1 control registers. The modes of 
interrupt controller operation are as follows: 


When in the fully nested mode four pins are used as 
direct interrupt requests as in Figure 22. The vectors 
for these four inputs are generated internally. An in- 
service bit is provided for every interrupt source. If a 
lower-priority device requests an interrupt while the 
in-service bit (IS) is set, no interrupt will be generat- 
ed by the interrupt controller. In addition, if another 
interrupt request occurs from the same interrupt 
source while the in-service bit is set, no interrupt will 
be generated by the interrupt controller. This allows 
interrupt service routines to operate with interrupts 
enabled without being themselves interrupted by 
lower-priority interrupts. Since interrupts are en- 
abled, higher-priority interrupts will be serviced. 


When a service routine is completed, the proper IS 
bit must be reset by writing the proper pattern to the 
EOI register. This is required to allow subsequent 
interrupts from this interrupt source and to allow 
servicing of lower-priority interrupts. An EOI com- 
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mand is issued at the end of the service routine just 
before the issuance of the return from interrupt in- 
struction. If the fully nested structure has been up- 
held, the next highest-priority source with its IS bit 
set is then serviced. 


The 80188 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the 
four pins are used as direct interrupt inputs and the 
corresponding vectors are generated internally. In 
the cascade mode, the four pins are configured into 
interrupt input-dedicated acknowledge signal pairs. 
The interconnection is shown in Figure 23. INTO is 
an interrupt input interfaced to an 8259A, while 
INT2/INTAO serves as the dedicated interrupt ac- 
knowledge signal to that peripheral. The same is 
true for INT1 and INT3/1NTA1. Each pair can selec- 
tively be placed in the cascade or non-cascade 
mode by programming the proper value into INTO 
and INT1 control registers. The use of the dedicated 
acknowledge signals eliminates the need for the use 
of external logic to generate INTA and device select 
signals. 


The primary cascade mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 8259As. Three 
levels of priority are created, requiring priority resolu- 
tion in the 80188 interrupt controller, the master 
8259As, and the slave 8259As. If an external inter- 
rupt is serviced, one IS bit is set at each of these 
levels. When the interrupt service routine is complet- 
ed, up to three end-of-interrupt commands must be 
issued by the programmer. 


This mode is entered by setting the SFNM bit in 
INTO or INT1 control register. It enables complete 
nestability with external 8259A masters. Normally, 
an interrupt request from an interrupt source will not 
be recognized unless the in-service bit for that 
source is reset. If more than one interrupt source is 
connected to an external interrupt controller, all of 
the interrupts will be funneled through the same 
80188 interrupt request pin. As a result, if the exter- 
nal interrupt controller receives a higher-priority in- 
terrupt, its interrupt will not be recognized by the 
80188 controller until the 80188 in-service bit is re- 
set. In special fully nested mode, the 80188 interrupt 
controller will allow interrupts from an external pin 
regardless of the state of the in-service bit for an 
interrupt source in order to allow multiple interrupts 
from a single pin. An in-service bit will continue to be 


set, however, to inhibit interrupts from other lower- 
priority 80188 interrupt sources. 


Special procedures should be followed when reset- 
ting IS bits at the end of interrupt service routines. 
Software polling of the external master's IS register 
is required to determine if there is more than one bit 
set. If so, the IS bit in the 80188 remains active and 
the next interrupt service routine is entered. 


Operation 
in a Polled Environment 


The controller may be used in a polled mode if inter- 
rupts are undesirable. When polling, the processor 
disables interrupts and then polls the interrupt con- 
troller whenever it is convenient. Polling the interrupt 
controller is accomplished by reading the Poll Word 
(Figure 32). Bit 15 in the poll word indicates to the 
processor that an interrupt of high enough priority is 
requesting service. Bits 0-4 indicate to the proces- 
sor the type vector of the highest-priority source re- 
questing service. Reading the Poll Word causes the 
In-Service bit of the highest priority source to be set. 


It is desirable to be able to read the Poll Word infor- 
mation without guaranteeing service of any pending 
interrupt, i.e., not set the indicated in-servi<;ebit. The 
80188 provides a Poll Status Word in addition to the 
conventional Poll Word to allow this to be done. Poll 
Word information is duplicated in the P.olI Status 
Word, but reading the Poll Status Word does not set 
the associated in-service bit. These words are locat- 
ed in two adjacent memory locations in the register 
file. 


80188 
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Figure 22. Fully Nested 
(Direct) 
Mode Interrupt 


Controller 
Connections 


The user can program the interrupt sources into any 
of eight different priority levels. The programming is 
done by placing a 3-bit priority level (0-7) in the con- 
trol register of each interrupt source. (A source with 
a priority level of 4 has higher priority over all priority 
levels from 5 to 7. Priority registers containing values 
lower than 4 have greater priority). All interrupt 
sources have preprogrammed default priority levels 
(see Table 4). 


If two requests with the same programmed priority 
level are pending at once, the priority ordering 
scheme shown in Table 4 is used. If the serviced 
interrupt routine reenables interrupts, it allows other 
requests to be serviced. 


The end-of-interrupt (Eol) command is used by the 
programmer to reset the In-Service (IS) bit when an 
interrupt service routine is completed. The Eol com- 
mand is issued by writing the proper pattern to the 
Eol register. There are two types of Eol commands, 
specific and nonspecific. The nonspecific command 
does not specify which IS bit is reset. When issued, 
the interrupt controller automatically resets the IS bit 
of the highest priority source with an active service 
routine. A specific Eol command requires that the 
programmer send the interrupt vector type to the in- 
terrupt controller indicating which source's IS bit is 
to be reset. This command is used when the fully 
nested structure has been disturbed or the highest 
priority IS bit that was set does not belong to the 
service routine in progress. 


The four external interrupt pins can be programmed 
in either edge- or level-trigger mode. The control 
register for each external source has a level-trigger 
mode (LTM) bit. All interrupt inputs are active HIGH. 
In the edge sense mode or the level-trigger mode, 
the interrupt request must remain active (HIGH) until 
the interrupt request is acknowledged by the 80188 
CPU. In the edge-sense mode, if the level remains 
high after the interrupt is acknowledged, the input is 
disabled and no further requests will be generated. 
The input level must go LOW for at least one clock 
cycle to reenable the input. In the level-trigger mode, 
no such provision is made: holding the interrupt input 
HIGH will cause continuous interrupt requests. 


inter 


The 80188 Interrupt Controller will generate interrupt 
vectors for the integrated OMA channels and the in- 
tegrated Timers. In addition, the Interrupt Controller 
will generate interrupt vectors for the external inter- 
rupt lines if they are not configured in Cascade or 
Special Fully Nested Mode. The interrupt vectors 
generated are fixed and cannot be changed (see Ta- 
ble 4). 


The Interrupt Controller register model is shown in 
Figure 24. It contains 15 registers. All registers can 
both be read or written unless specified otherwise. 


This register can be read from or written into. The 
format is shown in Figure 25. It contains the In-Serv- 
ice bit for each of the interrupt sources. The In-Serv- 
ice bit is set to indicate that a source's service rou- 
tine is in progress. When an In-Service bit is set, the 
interrupt controller will not generate interrupts to the 
CPU when it receives interrupt requests from devic- 
es with a lower programmed priority level. The TMR 
bit is the In-Service bit for all three timers; the DO 
and 01 bits are the In-Service bits for the two OMA 
channels; the 10-13 are the In-Service bits for the 
external interrupt pins. The IS bit is set when the 
processor acknowledges an interrupt request either 
by an interrupt acknowledge or by reading the poll 
register. The IS bit is reset at the end of the Interrupt 
service routine by an end-of-interrupt command is- 
sued by the CPU. 


The internal interrupt sources have interrupt request 
bits inside the interrupt controller. The format of this 
register is shown in Figure 25. A read from this regis- 
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt requests. DO and 01 
are the interrupt request bits for the OMA channels. 


The state of the external interrupt input pins is also 
indicated. The state of the external interrupt pins is 
not a stored condition inside the interrupt controller, 
therefore the external interrupt bits cannot be writ- 
ten. The external interrupt request bits show exactly 
when an interrupt request is given to the interrupt 
controller, so if edge-triggered mode is selected, the 
bit in the register will be HIGH only after an inactive- 
to-active transition. For internal interrupt sources, 
the register bits are set when a request arrives and 
are reset when the processor acknowledges the re- 
quests. 


Writes to to the interrupt request register will affect 
the DO and 01 interrupt request bits. Setting either 
bit will cause the corresponding interrupt request 
while clearing either bit will remove the correspond- 
ing interrupt request. All other bits in the register are 
read-only. 


This is a 16-bit register that contains a mask bit for 
each interrupt source. The format for this register is 
shown in Figure 25. A one in a bit position corre- 
sponding to a particular source serves to mask the 
source from generating interrupts. These mask bits 
are the exact same bits which are used in the indi- 
vidual control registers; programming a mask bit us- 
ing the mask register will also change this bit in the 
individual control registers, and vice versa. 
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Figure 23. Cascade and Special Fully Nested Mode Interrupt Controller Connections 
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Figure 
24. Interrupt 
Controller 
Registers 
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(Master 
Mode) 
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This register is used to mask all interrupts 
below par- 


ticular interrupt 
priority levels. The format 
of this reg- 


ister is shown 
in Figure 
26. The code 
in the lower 


three bits of this register 
inhibits interrupts 
of priority 


lower (a higher priority number) than the code speci- 
fied. 
For 
example, 
100 
written 
into 
this 
register 


masks 
interrupts 
of level five 
(101), 
six (110), 
and 


seven 
(111). 
The 
register 
is reset 
to seven 
(111) 


upon 
RESET 
so no interrupts 
are masked 
due to 


priority 
number. 


This 
register 
contains 
general 
interrupt 
controller 


status 
information. 
The 
format 
of 
this 
register 
is 


shown 
in Figure 
27. The bits in the status 
register 


have the following 
functions: 


DHL T: DMA 
Halt Transfer; 
setting 
this bit halts 
all 


DMA transfers. 
It is automatically 
set when- 


ever a non-maskable 
interrupt 
occurs, 
and it 


is reset when an IRET instruction 
is execut- 


ed. The purpose 
of this bit is to allow prompt 


service 
of all non-maskable 
interrupts. 
This 


bit may also be set by the programmer. 


IRTx: 
These three bits represent 
the individual 
tim- 


er interrupt 
request 
bits. These bits are used 


to differentiate 
the timer interrupts, 
since the 


timer IR bit in the interrupt 
request 
register 
is 


the 
"OR" 
function 
of all timer 
interrupt 
re- 


quests. 
Note 
that 
setting 
anyone 
of these 


three bits initiates 
an interrupt 
request 
to the 


interrupt 
controller. 
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Figure 
26. Priority 
Mask Register 
Format 
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Figure 
27. Interrupt 
Status 
Register 
Format 
(non-RMX 
Mode) 


These 
registers 
are the control 
words for all the in- 
ternal 
interrupt 
sources. 
The format 
for these 
regis- 
ters 
is shown 
in Figure 
28. The three 
bit positions 
PRO, PR1, and PR2 represent 
the programmable 
pri- 
ority level of the interrupt 
source. 
The MSK bit inhib- 
its interrupt 
requests 
from the interrupt 
source. 
The 
MSK bits in the individual 
control 
registers 
are the 
exact same bits as are in the Mask Register; 
modify- 
ing them 
in the individual 
control 
registers 
will also 
modify them in the Mask Register, 
and vice versa. 


These 
registers 
are the control 
words 
for the four 
external 
input 
pins. 
Figure 
29 shows 
the format 
of 
the 
INTO and 
INT1 
Control 
registers; 
Figure 
30 
shows the format 
of the INT2 and INT3 Control 
reg- 
isters. 
In 
cascade 
mode 
or 
special 
fully 
nested 
mode, the control 
words for INT2 and INT3 are not 
used. 


The bits in the various control 
registers 
are encoded 
as follows: 


PRO-2: 
Priority programming 
information. 
Highest 
priority = 000, lowest 
priority = 111. 


LTM: 
Level-trigger 
mode 
bit. 
1 
= 
level-trig- 
gered; 0 = edge-triggered. 
Interrupt 
Input 
levels 
are active 
high. 
In level-triggered 
mode, an interrupt 
is generated 
whenever 
the external 
line is high. In edge-triggered 
mode, an interrupt 
will be generated 
only 
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tive-to-active 
transition 
on the line. In both 
cases, 
the level must remain 
active 
until 
the interrupt 
is acknowledged. 


Mask bit, 1 = mask; 0 = non-mask. 


Cascade 
mode bit, 1 = cascade; 
0 = di- 
rect. 


Special fully nested 
mode bit, 1 = SFNM. 


The end of the interrupt 
register 
is a command 
regis- 
ter which can only be written 
into. The format 
of this 
register 
is shown 
in Figure 
31. 
It initiates 
an EOI 
command 
when written 
to by the 80188 
CPU. 


The bits in the EOI register 
are encoded 
as follows: 


Sx: 
Encoded 
information 
that specifies 
an in- 
terrupt 
source 
vector 
type 
as shown 
in 
Table 
4. 
For 
example, 
to 
reset 
the 
In- 
Service 
bit for DMA channel 
0, these 
bits 
should 
be set to 01010, 
since the vector 
type for DMA channel 
0 is 10. 


NOTE: 
To 
reset 
the 
single 
In-Service 
bit for 
any 
of 
the 
three 
timers, 
the vector 
type for timer 
0 (8) should 
be written 
in this register. 


NSPEC/: 
A bit that determines 
the type of EOI com- 
SPEC 
mand. Nonspecific 
= 1, Specific 
= O. 
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These registers contain polling information. The for- 
mat of these registers is shown in Figure 32. They 
can only be read. Reading the Poll register consti- 
tutes a software poll. This will set the IS bit of the 
highest priority pending interrupt. Reading the poll 
status register will not set the IS bit of the highest 
priority pending interrupt; only the status of pending 
interrupts will be provided. 


Encoding of the Poll and Poll Status register bits are 
as follows: 


Sx: 
Encoded information that indicates the 
vector type of the highest priority inter- 
rupting source. Valid only when INTREQ 
= 1. 


INTREQ: This bit determines if an interrupt request 
is present. Interrupt Request = 1; no In- 
terrupt Request = O. 


When slave mode is used, the internal 80188 inter- 
rupt controller will be used as a slave controller to an 
external master interrupt controller. The internal 
80188 resources will be monitored by the internal 


interrupt controller, while the external controller 
functions as the system master interrupt controller. 
Upon reset, the 80188 will be in master mode. To 
provide for slave mode operation bit 14 of the relo- 
cation register should be set. 


Because of pin limitations caused by the need to 
interface to an external 8259A master, the internal 
interrupt controller will no longer accept external in- 
puts. There are however, enough 80188 interrupt 
controller inputs (internally) to dedicate one to each 
timer. In this mode, each timer interrupt source has 
its own mask bit, IS bit, and control word. 


In slave mode each peripheral must be assigned a 
unique priority to ensure proper interrupt controller 
operation. Therefore, it is the programmer's respon- 
sibility to assign correct priorities and initialize inter- 
rupt control regisers before enable interrupts. 


The configuration of the 80188 with respect to an 
external 8259A master is shown in Figure 33. The 
INTO(pin 45) input is used as the 80188 CPU inter- 
rupt input. INT3 (pin 41) functions as an output to 
send the 80188 slave-interrupt-request to one of the 
8 master-PIC-inputs. 
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Correct 
master-slave 
interface 
requires 
decoding 
of 


the 
slave 
addresses 
(CASO-2). 
Slave 
8259As 
do 


this internally. 
Because 
of pin limitations, 
the 80188 


slave 
address 
will 
have 
to be decoded 
externally. 
INT1 (pin 44) is used as a slave-select 
input. 
Note 


that the slave vector 
address 
is transferred 
internal- 
ly, but the READY 
input must be supplied 
externally. 


INT2 
(pin 42) 
is used 
as an acknowledge 
output, 
suitable 
to drive the INTA input of an 8259A. 


Slave mode operation 
allows nesting 
of interrupt 
re- 


quests. 
When an interrupt 
is acknowledged, 
the pri- 


ority logic masks 
off all priority 
levels 
except 
those 


with equal or higher priority. 


Vector Generation 
in the 


Slave Mode 


Vector 
generation 
in slave mode is exactly 
like that 


of an 8259A 
slave. 
The 
interrupt 
controller 
gener- 
ates an 8-bit vector 
which the CPU multiplies 
by four 


and uses as an address 
into a vector 
table. The sig- 


nificant 
five bits of the vector 
are user-programma- 


ble while the lower three 
bits are generated 
by the 


priority 
logic. These 
bits represent 
the encoding 
of 


the priority 
level 
requesting 
service. 
The significant 


five bits of the vector 
are programmed 
by writing 
to 


the Interrupt 
Vector 
register 
at offset 
20H. 


In slave 
mode the specific 
EOI command 
operates 


to reset 
an in-service 
bit of a specific 
priority. 
The 


user supplies a 3-bit priority-level 
value that points to 


an in-service 
bit to be reset. The command 
is exe- 


cuted by writing the correct 
value in the Specific 
EOI 


register 
at offset 
22H. 


Interrupt Controller 
Registers 


in the Slave Mode 


All control 
and command 
registers 
are located 
inside 


the 
internal 
peripheral 
control 
block. 
Figure 
34 


shows the offsets 
of these 
registers. 


The end-of-interrupt 
register 
is a command 
register 


which can only be written. The format 
of this register 
is shown 
in Figure 
35. It initiates 
an EOI command 


when written 
by the 80188 
CPU. 


The bits in the EOI register 
are encoded 
as follows: 


Lx: 
Encoded 
value indicating 
the priority 
of the IS 


bit to be reset. 


inter 
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Figure 35. Specific 
EOI Register 
Format 
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Figure 36. In-Service, 
Interrupt 
Request, 
and Mask Register 
Format 


This register can be read from or written into. It con- 
tains the in-service bit for each of the internal inter- 
rupt sources. The format for this register is shown in 
Figure 36. Bit positions 2 and 3 correspond to the 
DMA channels; positions 0, 4, and 5 correspond to 
the integral timers. The source's IS bit is set when 
the processor acknowledges its interrupt request. 


This register indicates which internal peripherals 
have interrupt requests pending. The format of this 
register is shown in Figure 36. The interrupt request 
bits are set when a request arrives from an internal 
source, and are reset when the processor acknowl- 
edges the request. As in master mode, DOand D1 
are read/write, all other bits are read only. 


The register contains a mask bit for each interrupt 
source. The format for this register is shown in Fig- 
ure 36. If the bit in this register corresponding to a 
particular interrupt source is set, any interrupts from 
that source will be masked. These mask bits are ex- 
actly the same bits which are used in the individual 
control registers, I.e., changing the state of a mask 
bit in this register will also change the state of the 
mask bit in the individual interrupt control register 
corresponding to the bit. 


These registers are the control words for all the in- 
ternal interrupt sources. The format of these regis- 
ters is shown in Figure 37. Each of the timers and 
both of the DMA channels have their own Control 
Register. 


The bits of the Control Registers are encoded as 
follows: 
prx: 
3-bit encoded field indicating a priority level 
for the source; note that each source must be 
programmed at specified levels. 


msk: mask bit for the priority level indicated by prx 


bits. 


LEVEL 5 CONTROL REGISTER 
(TIMER 2) 


LEVEL 4 CONTROL REGISTER 
(TIMER 1) 


LEVEL 3 CONTROL REGISTER 
(DMA1) 


LEVEL 2 CONTROL REGISTER 
(DMAO) 


LEVEL 0 CONTROL REGISTER 
(TIMER 0) 


INTERRUPT STATUS REGISTER 


INTERRUPT REQUEST REGISTER 


IN-SERVICE REGISTER 


PRIORITY-LEVEL MASK REGISTER 


MASK REGISTER 


SPECIFIC EOI REGISTER 


INTERRUPT VECTOR REGISTER 


OFFSET 


3AH 


Figure 34. Interrupt 
Controller 
Registers 


(Slave Mode) 


This register provides the upper five bits of the inter- 
rupt vector address. The format of this register is 
shown in Figure 38. The interrupt controller itself 
provides the lower three bits of the interrupt vector 
as determined by the priority level of the interrupt 
request. 


The format of the bits in this register is: 
tx: 
5-bit field indicating the upper five bits of the 
vector address. 


This register indicates the lowest priority-level inter- 
rupt which will be serviced. 


The encoding of the bits in this register is: 
mx: 
3-bit encoded field indication priority-level val- 
ue. All levels of lower priority will be masked. 


This register is defined as in master mode except 
that DHLT is not implemented. (See Figure 27). 


15 
14 
13 
o 
0 
0 
1 
• 
8 


• 
1 
0 


Upon RESET, the interrupt controller will perform 
the following actions: 
• All SFNM bits reset to 0, implying Fully Nested 


Mode. 


• All PR bits in the various control registers set to 1. 


This places all source,s at lowest priority (level 
111). 


• All LTM bits reset to 0, resulting in edge-sense 


mode. 


• All Interrupt Service bits reset to O. 
• All Interrupt Request bits reset to O. 
• All MSK (Interrupt Mask) bits set to 1 (mask). 
• All C (Cascade) bits reset to 0 (non-cascade). 
• All PRM (Priority Mask) bits set to 1, implying no 


levels masked. 
• Initialized to master mode. 


43210 
o 
I MSK 
1 PR2 
1 PR1 
I 
PRO 
1 


15 
14 
13 
8 
7 
6 
5 
4 
3 
2 
1 
0 


0 
0 
0 
I . 
· I 
0 
14 
13 
t2 
I- 11 
to 
0 
0 
0 


Figure 38. Interrupt 
Vector 
Register 
Format 
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Figure 39. Priority 
Level Mask Register 


inter 


SRDY 
·5V 


ARDY 


NMI 


HOLD 
~ 
~ 


TMRINO 
·5V 


TMRQUT 
0 


8286 
DR 
8287 
TRANSCEIVER 
s;:;; 


TERMINAL 


INTl 
PCS4 
DRDO 


DISK 
INTERFACE 
HARDWARE 
8DISK 


16 MHz 
0 


Vcc 
X, 
X2 
UCS 
CS 


AD 
RESET 
ROM 


RESET 


~ 
8282 OR 
8283 
L"'TCH 


STB 
6E 


5T8 
E 
lOW 
RAM 
"'lE 
"=" 
lCS 
CS 


\Vii 


"'00-"'07 
8282 OR 
"'OORESS 
8283 
BUS 
AB·•••15 
L"'TCH 


80188 


NMI 
8288 OR 
HOLD 
8287 
O"'T'" 
BUS 
TR•••NSCEIVER 


MULTI· 
M"'STER 
SYSTEM 
BUS 


ClKOUT 


SO-~ 
BUS CONTROL 
COMM"'NOS 


MULTIBUS 
•••RBITR•••TIONj 


XACK 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections oithis specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
under Bias 
.... 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage on any Pin with 
Respect 
to Ground 
-1.0V 
to + 7V 


Power Dissipation 
3 Watt 


D.C. CHARACTERISTICS 
(TA = O·Cto 
+70·C, 
Vcc = 5V ±10%) 
Applicable 
to 80188 (8 MHz) 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
+0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc 
+ 0.5 
V 
(All except X1 and RES) 


VIH1 
Input High Voltage 
(RES) 
3.0 
Vee + 0.5 
V 


VOL 
Output 
Low Voltage 
0.45 
V 
la = 2.5 mA for SO-52 
la = 2.0 mA for all other outputs 


VOH 
Output High Voltage 
2.4 
V 
loa = -400,...A 


Ice 
Power Supply Current 
600' 
mA 
TA = -40·C 


550 
mA 
TA = O·C 


415 
mA 
TA = +70·C 


III 
Input Leakage Current 
±10 
,...A 
OV < VIN < Vee 


ILa 
Output 
Leakage Current 
±10 
,...A 
0.45V < VOUT < Vee 


VeLO 
Clock Output Low 
0.6 
V 
la = 4.0mA 


VeHO 
Clock Output High 
4.0 
V 
loa = -200,...A 


VCLl 
Clock Input Low Voltage 
-0.5 
0.6 
V 


VCHI 
Clock Input High Voltage 
3.9 
Vee + 1.0 
V 


CIN 
Input Capacitance 
10 
pF 


, 


CIO 
I/O Capacitance 
20 
pF 


A.C. CHARACTERISTICS 
(TA = O°Cto + 70°C. VCC = 5V ±10%) 


80188 Timing 
Requirements 
All Timings 
Measured 
At 1.5 Volts Unless Otherwise 
Noted 


80188 
Test 
Symbol 
Parameter 
(8MHz) 
Units 
Conditions 


Mln 
Max 


TDVCL 
Data in Setup (A/D) 
20 
ns 


TCLDX 
Data in Hold (AID) 
10 
ns 


TARYHCH 
Asynchronous 
Ready 
20 
ns 


(ARDY) active setup 
time' 


TARYLCL 
ARDY inactive 
setup 
35 
ns 


time 


TCLARX 
ARDY hold time 
15 
ns 


TARYCHL 
Asynchronous 
Ready 
15 
ns 


inactive 
hold time 


TSRYCL 
Synchronous 
Ready 
20 
ns 


(SRDY) Transition 
Setup Time 


TCLSRY 
SRDY Transition 
15 
ns 


Hold Time 


THVCL 
HOLD Setup' 
25 
ns 


TINVCH 
INTR, NMI, TEST, 
25 
ns 


TMR IN, Setup' 


TINVCL 
DRQO, DRQ1, Setup' 
25 
ns 


TCLAV 
Address 
Valid Delay 
5 
55 
ns 


TCLAX 
Address 
Hold 
10 
ns 


TCLAZ 
Address 
Float Delay 
TCLAX 
35 
ns 


TCHCZ 
Command 
Lines 
45 
ns 


Float Delay 


TCHCV 
Command 
Lines Valid 
55 
ns 


Delay (after float) 


TLHLL 
ALE Width 
TCLCL -35 
ns 


TCHLH 
ALE Active 
Delay 
35 
ns 
CL = 20-200 
pF 
TCHLL 
ALE Inactive 
Delay 
35 
ns 
all outputs 
(except 
TCLTMV) 


TLLAX 
Address 
Hold to 
TCHCL -25 
ns 
@8MHz 


ALE Inactive 


TCLDV 
Data Valid Delay 
10 
44 
ns 


TCLDOX 
Data Hold Time 
10 
ns 


TWHDX 
Data Hold after WR 
TCLCL-40 
ns 


TCVCTV 
Control 
Active 
Delay 1 
5 
50 
ns 


TCHCTV 
Control 
Active 
Delay 2 
10 
55 
ns 


TCVCTX 
Control 
Inactive 
Delay 
5 
55 
ns 


TCVDEX 
DEN Inactive 
Delay 
10 
70 
ns 


(Non-Write 
Cycle) 


inter 


A.C. CHARACTERISTICS 
(TA = O·Cto +70·C, vcc = 5V ±10%) (Continued) 


80188 Master 
Interface 
Timing 
Responses 
(Continued) 


80188 
Test 
Symbol 
Parameter 
(8 MHz) 
Units 
Conditions 


Mln 
Max 


TAZRL 
Address 
Float to 
0 
ns 


RDActive 


TCLRL 
RD Active 
Delay 
10 
70 
ns 


TCLRH 
RD Inactive 
Delay 
10 
55 
ns 


TRHAV 
RD Inactive 
to 
TCLCL -40 
ns 


Address 
Active 


TCLHAV 
HLDA Valid Delay 
5 
50 
ns 


TRLRH 
RDWidth 
2TCLCL -50 
ns 


TWLWH 
WRWidth 
2TCLCL -40 
ns 


TAVLL 
Address 
Valid to 
TCLCH -25 
ns 


ALE Low 


TCHSV 
Status Active 
Delay 
10 
55 
ns 


TCLSH 
Status 
Inactive 
Delay 
10 
65 
ns 


TCLTMV 
Timer Output 
Delay 
60 
ns 
100pF 
max 


TCLRO 
Reset Delay 
60 
ns 


TCHQSV 
Queue Status 
Delay 
35 
ns 


TCHDX 
Status Hold Time 
10 
ns 


TAVCH 
Address 
Valid to 
10 
ns 
Clock High 


TCLLV 
LOCK Valid/Invalid 
5 
65 
ns 


Delay 


TCLCSV 
Chip-Select 
66 
ns 


Active 
Delay 


Tcxcsx 
Chip-Select 
Hold from 
35 
ns 


Command 
Inactive 


TCHCSX 
Chip-Select 
5 
35 
ns 


Inactive 
Delay 


TCKIN 
CLKIN Period 
62.5 
250 
ns 


TCKHL 
CLKIN Fall Time 
10 
ns 
3.5 to 1.0V 


TCKLH 
CLKIN 
Rise Time 
10 
ns 
1.0 to 3.5V 


TCLCK 
CLKIN 
Low Time 
25 
ns 
1.5V 


TCHCK 
CLKIN 
High Time 
25 
ns 
1.5V 


TCICO 
CLKINto 
50 
ns 


CLKOUTSkew 


TCLCL 
CLKOUT 
Period 
125 
500 
ns 


TCLCH 
CLKOUT 
Low Time 
% TCLCL -7.5 
ns 
1.5V 


TCHCL 
CLKOUT 
High Time 
% TCLCL -7.5 
ns 
1.5V 


TCH1CH2 
CLKOUT 
Rise Time 
15 
ns 
1.0 to 3.5V 


TCL2CLl 
CLKOUT 
Fall Time 
15 
ns 
3.5to 
1.0V 


RD,INTA, 


DT/R=VOH 


SOFlWARE 
HALT-DT!R=VOL' 


RD,WR,INTA,DEN=VOH 


PCS, 


t.4CS 


LCS, 


UCS 
(NOTE 4) 


~ra 
oet 
(NOTl:4) 


NOTES: 
1. Following a Write cycle. the Local Bus is floated by the 80188 only when the 80188 enters a "Hold Acknowledge" 
state. 
2. INTA occurs one clock later in Slave Mode. 
3. Status inactive just prior to T4. 
4. Latched A1 and A2 have same timings as PCS5 and PCS6. 


inter 


• 
INTlJ.3 
TIMERIN 


inter 


__ ~_I/~~~ 


ARDY 
A 


CLKOI1T~ 


THVCL 


HOLD 


All-At 
ADr-ADo 
101. 
lllII----- 


AlliN-All/sa, 
---- 
•.• 
e,WR. 


57, 
DT/R, 
It-Ii, 
lllllK 


intJ 


Since the bus interface unit and execution unit oper- 
ate independently, a determination of 80188 pro- 
gram execution timing must consider both the bus 
cycles necessary to prefetch instructions as well as 
the number of execution unit cycles necessary to 
execute instructions. The following instruction tim- 
ings represent the minimum execution time in clock 
cycles for each instruction. The timings given are 
based on the following assumptions: 
• The opcode, along with any data or displacement 


required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 
• No wait states or bus HOLDs occur. 


All instructions which involve memory accesses can 
also require one or two additional clocks above the 
minimum timings shown due to the asynchronous 
handshake between the BIU and execution unit. 


All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 


The 80188 8-bit BIU is noticeably limited in its per- 
formance relative to the execution unit. A sufficient 
number of prefetched bytes may not reside in the 
prefetch queue much of the time. Therefore, actual 
program execution may be substantially greater than 
that derived from adding the instruction timings 
shown. 


Function 
Format 
Clock 
Comments 
Cycles 


DATA TRANSFER 
MOV ~ Move: 


Register to registerI memory 
I 
1000100w 
mod reg rIm 
2/12' 


RegisterI memory to register 
I 
1000101w 
mod reg rIm 
2/9' 


Immediate to registerlmemory 
I 
1100011 
w 
mod 000 rIm 
data 
I 
data ifw~ 1 
I 
12/13' 
8/16-bit 


Immediate to register 
1011 
w reg 
data 
dataifw~l 
I 
3/4 
8/16-bit 


Memory to accumulator 
1010000w 
addr-Iow 
addr-high 
I 
8' 


Accumulator to memory 
1010001w 
addr-Iow 
addr-high 
I 
9' 


Registerlmemory to segment register 
10001110 
mod 0 reg rIm I 
2/13 


Segment register to registerImemory 
10001100 
mod 0 reg rIm I 
2/15 


PUSH ~ Push: 


Memory 
I 
11111111 
I mod 11 0 rIm I 
20 


Register 
I 
01010,eg 
I 
14 


Segment register 
I 
000regll0 
I 
13 


I 
I 
I 
I 
_. 


Immediate 
011010s0 
data 
dataifs~O 
14 
_._----_. 


PUSHA ~ Push All 
I 01100000 
I 
68 
------ 


POP = Pop: 


Memory 
I 
10001111 
I 
modOOO rIm I 
24 


Register 
I 
01011 
reg I 
14 


Segment register 
I 
OOOreg 111 I 
(reg"Ot) 
12 


I 
I 


,~ 
.- 


POPA = PopAlI 
01100001 
83 


XCHG = Exchange: 


RegisterImemory with register 
I 
1000011w 
I 
mod reg rIm 
I 
4/17' 


Register with accumulator 
I 
10010reg 
I 
3 


IN ~ Input from: 


Fixed port 
I 
1110010w 
I 
port 
I 
10' 


Variable port 
I 
1110110w 
I 
8' 
OUT = Output to: 


Fixed port 
I 
1110011 
w I 
port 
I 
9' 


Variable port 
I 
1110111w 
I 
7' 


XLAT ~ Translate byte to AL 
I 
11010111 
I 
15 


LEA = Load EA to register 
I 
10001101 
I 
mod reg rIm 
I 
6 


LOS ~ Load pointer to DS 
I 
11000101 
I 
mod reg rIm 
I 
(mod"ll) 
26 


LES = Load pointer to ES 
I 
11000100 
I 
mod reg rIm 
I 
(mod"ll) 
26 


LAHF ~ Load AH with flags 
I 
10011111 
I 
2 


SAHF = Store AH into flags 
I 
10011110 
I 
3 


PUSHF = Push flags 
I 
10011100 
I 
13 


Shaded 
areas indicate 
instructions 
not available 
in 8086, 8088 microsystems. 


°Note: Clock cycles shown for byte transfer. 
For word operations, 
add 4 clock cycles for all memory 
transfers. 


Format 
Clock 
Comment. 
Function 
Cycle. 


DATA TRANSFER 
(Continued) 


POPF ~ Pop flags 
I 
10011101 
I 
12 


SEGMENT 
~ Segment 
Override: 


CS 
I 
00101110 
I 
2 


SS 
I 
00110110 
I 
2 


DS 
I 
00111110 
I 
2 


ES 
I 
00100110 
I 
2 


ARITHMETIC 
ADD = Add: 


Reg/memory 
with register to either 
I 
OOOOOOdw 
I 
mod reg rim 
I 
3/10· 


Immediate 
to register/memory 
I 
100000sw 
I 
modOOO 
rim I 
data 
I 
data if s w= 01 I 
4/16· 


Immediate 
to accumulator 
I 
0000010w 
I 
data 
I 
dataifw=1 
I 
3/4 
8/16-bit 


ADC = Add with 
carry: 


Reg/memory 
with register to either 
I 
000100dw 
I 
mod reg rim 
I 
3/10· 


Immediate to register/memory 
I 
100000sw 
I 
mod 010 
rim 
I 
data 
I 
dataifsw=Ol 
I 
4/16· 


Immediate to accumulator 
I 
0001010w 
I 
data 
I 
dataifw=l 
I 
3/4 
8/16-bit 


INC ~ Increment: 


Register/memory 
I 
1111111w 
I 
modOOO 
rim 
I 
3/15· 


Register 
I 
01000reg 
I 
3 


SUB = Subtract: 


Reg/memory 
and register to either 
I 
001010dw 
I 
mod reg rim 
I 
3/10· 


Immediate 
from register/memory 
I 
100000sw 
I 
mod 1 01 
rim 
I 
data 
I 
dataifsw~01 
I 
4/16· 


Immediate 
from accumulator 
I 
0010110w 
I 
data 
I 
dataifw~1 
I 
3/4 
8/16-bit 


SBB 
~ Subtract 
with 
borrow: 


Reg/memory 
and register to either 
I 
000110dw 
I 
mod reg rim 
I 
3/10· 


Immediate 
from register/memory 
I 
100000sw 
I 
mod011 
rim 
I 
data 
I dataifsw=01 
I 
4/16· 


Immediate 
from accumulator 
I 
0001110w 
I 
data 
I 
dataifw=1 
I 
3/4 
8/16-bit 


DEC = Decrement: 


Register/memory 
I 
1111111w 
I 
mod001 
rim 
I 
3/15· 


Register 
I 
01001 
reg 
I 
3 


CMP ~ Compare: 


Register/memory 
with register 
I 
0011101 
w I 
mod reg rim 
I 
3/10· 


Register with register/memory 
I 
0011100w 
I 
mod reg rim 
I 
3/10· 


Immediate with register/memory 
I 
100000sw 
I 
mod111 
rim I 
data 
I data if sw=01 
I 
3/10· 


Immediate 
with accumulator 
I 
0011110w 
I 
data 
I 
dataifw=1 
I 
3/4 
8/16-bit 


NEG = Change sign register/memory 
I 
1111011 
w I 
modO 11 
rim I 
3/10· 


AAA 
~ ASCII adjust for add 
I 
00110111 
I 
8 


DAA ~ Decimal adjust for add 
I 
00100111 
I 
4 


AAS 
~ ASCII adjust for subtract 
I 
00111111 
I 
7 


DAS = Decimal adjust for subtract 
I 
00101111 
I 
4 


Shaded 
areas indicate 
instructions 
not available 
in 8086, 8088 microsystems. 
'Note: 
Clock cycles shown for byte transfer. 
For word operations, 
add 4 clock cycles for all memory 
transfers. 


inter 


Format 
Clock 
Comments 
Function 
Cycles 


LOGIC(Continued) 


TEST= And function to f1sgs,no result: 


Register/memoryandregister 
I 
1000010w 
I 
modreg rIm I 
3/10' 


Immediatedataand register/memory I 
1111011 
w I mod0 0 0 rIm I 
data 
I 
data ifw=l 
I 
4/10' 


Immediatedataandaccumulator 
I 1010100w 
I 
data 
I 
data ifw= 1 
I 
3/4 
8/16-bit 


OR=Or: 


Reg/memoryand registerto either 
I 000010dw 
I 
modreg rIm 
I 
3/10' 


Immediateto register/memory 
I 1000000w 
I mod0 01 rIm I 
data 
I 
data ifw=l 
I 
4/16' 


Immediateto accumulator 
I 0000110w 
I 
data 
I 
dataifw=l 
I 
3/4 
8/16-bit 


XOR = Exclusive or: 


Reg/memoryand registerto either 
I 
001100dw 
I 
modreg rIm 
I 
3/10' 


Immediateto register/memory 
I 
1000000w 
I mod 110 
rIm I 
data 
I 
dataifw=l 
I 
4/16' 


Immediateto accumulator 
I 
0011010w 
I 
data 
I 
dataifw=l 
I 
3/4 
8/16-bit 


NOT = Invertregister/memory 
I 
1111011 
w I modO 10 rIm I 
3/10' 


STRINGMANIPULATION: 


MOVS = Movebyte/word 
I 
1010010w 
I 
14' 


CMPS = Comparebyte/word 
I 
1010011 
w I 
22' 


SCAS = Scanbyte/word 
I 
1010111 
w 
15' 


LODS = Loadbyte/wd to All AX 
I 
1010110w 
12' 


STOS = Stor byte/wd from AL/A 
I 
1010101 
w 
10' 
I 


- 


INS = Inputbyte/wd from OXport 
0110110w 
14 


OUTS = Outputbyte/wd to OXport 
I 0110111 
w 
14 
.~- 


Repeatedbycount in CX 


MOVS = Movestring 
11110010 
I 
1010010w 
I 
8+8n' 


CMPS= Comparestring 
1111001 
z I 1010011 
w I 
5+22n' 


SCAS = Scanstring 
1111001 
z I 
1010111 
w I 
5+15n' 


LODS = Loadstring 
11110010 
I 
1010110w 
I 
6+11n' 


STOS = Storestring 
11110010 
I 
1010101 
w I 
6+9n' 


INS = Inputstring 
I 11110010 
I 0110110w 
I 
8+8n' 


OUTS = Outputstring 
I 
11110010 
I 01101 
t1w I 
8+8n' 


Shaded 
areas indicate 
instructions 
not available 
in 8086, 8088 microsystems. 


"Note: 
Clock cycles shown for byte transfer. 
For word operations, 
add 4 clock cycles for all memory 
transfers. 


inter 


Fortnat 
Clock 
Comments 
Function 
Cycle. 


CONTROL TRANSFER 


CALL = Call: 


Direct within segment 
I 
11101000 
I 
disp-Iow 
I 
disp-high 
I 
19 


Register/memory 
I 
11111111 
I modO 1 0 rIm I 
17/27 
indirect within segment 


Direct intersegment 
I 
10011010 
I 
segment offset 
I 
31 


I 
segment selector 
I 


Indirect intersegment 
I 
11111111 
I mod011 
rIm I 
(mod •• 11) 
54 


JMP = Unconditional 
Jump: 


Short/long 
I 
11101011 
I 
disp-Iow 
I 
14 


Direct within segment 
I 
11101001 
I 
disp-Iow 
I 
disp-high 
I 
14 


Register/memory 
I 
11111111 
I mod 1 00 
rIm I 
11/21 
indirect within segment 


Direct intersegment 
I 
11101010 
I 
segment offset 
I 
14 


I 
segment selector 
I 


Indirect intersegment 
11111111 
I mod 101 
rIm I 
(mod" 
11) 
34 


RET = Return from CALL: 


Within segment 
11000011 
I 
20 


Within seg adding immed to SP 
11000010 
data-low 
I 
data-high I 
22 


Intersegment 
11001011 
30 


Intersegment adding immediate to SP 
11001010 
data-low 
data-high I 
33 


JE/JZ = Jump on equal/zero 
01110100 
disp 
4/13 
JMPnot 


JLlJNGE = Jump on less/not greater or equal 
01111100 
disp 
4/13 
taken/JMP 


taken 
JLE/JNG = Jump on less or equal/not greater 
01111110 
disp 
4/13 


JB/JNAE = Jump on below/not above or equal 
01110010 
disp 
4/13 


JBE/JNA = Jump on below or equal/not above 
01110110 
disp 
4/13 


JP/JPE = Jump on parity/parity even 
01111010 
disp 
4/13 


JO = Jump on overflow 
01110000 
I 
disp 
I 
4/13 


JS = Jump on sign 
01111000 
I 
disp 
I 
4/13 


JNE/JNZ = Jump on not equal/not zero 
01110101 
I 
disp 
I 
4/13 


JNLlJGE = Jump on not less/greater or equal 
I 
01111101 
I 
disp 
I 
4/13 


JNLE/JG = Jump on not less or equal/greater 
01111111 
I 
disp 
I 
4/13 


JNB/JAE = Jump on not below/above or equal 
01110011 
I 
disp 
I 
4/13 


JNBE/ JA = Jump on not below or equal/above 
01110111 
I 
disp 
I 
4/13 


JNP/ JPO = Jump on not par/par odd 
01111011 
I 
disp 
I 
4/13 


Shaded 
areas indicate 
instructions 
no 
available 
in 8086, 8088 microsystems. 
"Note: 
Clock cycles shown for byte transfer. 
For word operations, 
add 4 clock cycles for all memory 
transfers. 


Format 
Clock 
Comments 
Function 
Cycles 


CONTROL TRANSFER (Continued) 


disp 
I 
, 


4/13 
JNO = Jump on not overflow 
01110001 


JNS = Jump on not sign 
01111001 
disp 
I 
4/13 


JCXZ = Jump on CX zero 
11100011 
disp 
I 
5/15 


LOOP = Loop CX times 
11100010 
disp 
I 
6/16 
LOOP not 


I 
6/16 
taken/LOOP 
LOOPZ/LOOPE = Loop while zero/equal 
11100001 
disp 
taken 
LOOPNZ/LOOPNE = Loop while not zero/equal 
11100000 
disp 
I 
6/16 


ENTER - 
Enter Procedure 
I 11001000 
data-low I tfat!:!M 
I 
L I' 


-0 
15 
-1 
25 
> 1 
22+18(n-1) 


~VE 
- 
Leave Procedure 
I 11001001 
I 
8 


INT = Intenrupt: 


Type specified 
I 
11001101 
I 
type 
I 
47 


Type 3 
I 
11001100 
I 
45 
if INT. taken/ 
I 
I 
48/4 
n INT. not 
INTO = Interrupt on overflow 
11001110 
taken 


IRET = Interrupt retum 
I 
11001111 
I 
28 


IIOUNO = Detect value out of [8O\l9 
I 01100010 
I mod I1IQ rim I 
. 
33-35 


PROCESSORCONTROL 


CLC = Clear carry 
11111000 
I 
2 


CMC = Complement carry 
11110101 
I 
2 


STC = Set carry 
11111001 
I 
2 


CLD = Clear direction 
11111100 
2 


STD = Set direction 
11111101 
2 


CLI = Clear interrupt 
11111010 
2 


STI = Set interrupt 
11111011 
2 


HLT = Halt 
11110100 
2 


WAIT = Wait 
10011011 
I 
6 
if test = 0 


LOCK = Bus lock prefix 
11110000 
I 
2 


ESC = Processor Extension Escape 
11011 
TTT 
I 
mod LLL rIm I 
6 


(TTT LLL are opcode to processor extension) 


Shaded 
areas indicate 
instructions 
not available 
in 8086, 8088 microsystems. 
·Note: 
Clock cycles shown for byte transfer. 
For word operations, 
add 4 clock cycles for all memory transfers. 


The Effective 
Address 
(EA) of the memory 
operand 


is computed 
according 
to the mod and rim fields: 


if mod = 00 then 
OISP = 0', 
disp-Iow 
and disp-high 
are 


absent 


if mod = 01 then 
OISP = disp-Iow 
sign-extended 
to 


16-bits, 
disp-high 
is absent 


if rIm = 001 then EA = (BX) + (01) + OISP 


if rIm = 010 then EA = (BP) + (SI) + OISP 


OISP follows 
2nd byte of instruction 
(before 
data if 


required) 


'except 
if mod = 00 and rim = 
110 then 
EA = 
disp-high: 
disp-Iow. 


EA calculation 
time is 4 clock 
cycles 
for all modes, 


and is included 
in the execution 
times given whenev- 


er appropriate. 


Segment 
Override 
Prefix 
I 0 
0 
1 
reg 
1 
1 
0 I 


reg is assigned 
according 
to the following: 


Segment 
Register 


ES 
CS 
SS 
OS 


16·Bit (w = 1) 
000 AX 
001 CX 
010 OX 
011 BX 
100 SP 
101 BP 
110 SI 
111 Of 


8-Bit (w = 0) 
OOOAL 
001 CL 
0100L 
011 BL 
100 AH 
101 CH 
1100H 
111 BH 


The physical 
addresses 
of all operands 
addressed 


by the BP register 
are computed 
using the SS seg- 


ment register. 
The physical 
addresses 
of the desti- 


nation 
operands 
of the 
string 
primitive 
operations 


(those 
addressed 
by the 01 register) 
are computed 


using the ES segment, 
which may not be overridden. 


80C188 


CHMOS HIGH INTEGRATION 
16-BIT MICROPROCESSOR 


• 
Operation Modes Include: 
- 
Enhanced Mode Which Has 
- 
DRAM Refresh 
- 
Power-Save Logic 


- 
Compatible Mode 
- 
NMOS 80188 Pin for Pin 
Replacement for Non-Numerics 
Applications 


• 
Integrated 
Feature Set 
- 
Enhanced 80C86/C88 
CPU 


- 
Clock Generator 
- 
2 Independent 
DMA Channels 


- 
Programmable 
Interrupt Controller 


- 
3 Programmable 
16-Blt Timers 


- 
Dynamic RAM Refresh Control Unit 


- 
Programmable 
Memory and 


Peripheral Chip Select Logic 


- 
Programmable Walt State Generator 


- 
Local Bus Controller 
- 
Power Save Logic 
- 
System-Level Testing Support (High 
Impedance Test Mode) 


• 
Available In 16 MHz (80C188-16), 
12.5 MHz (80C188-12) and 10 MHz 
(80C188-10) Versions 


• 
Direct Addressing 
Capability to 


1 MByte and 64 KByte 1/0 


• 
Completely Object Code Compatible 
with All Existing 8086/8088 
Software 


and Also Has 10 Additional 
Instructions 


over 8086/8088 


• 
Complete System Development 
Support 
-All 
8088 and NMOS 80188 Software 


Development Tools Can Be Used for 
80C186 System Development 
- 
Assembler, PLIM, Pascal, Fortran, 
and System Utilities 
-In-Clrcult-Emulator 
(ICETM-188) 


• 
Available In 68 Pin: 
- 
Plastic Leaded Chip Carrier (PLCC) 


- 
Ceramic Pin Grid Array (PGA) 


- 
Ceramic Leadless Chip Carrier 
(JEDEC A Package) 


(See 
Packaging 
Outlines 
and Dimensions, 
Order 
Number 


231369) 


• 
Available In EXPRESS: 
- 
Standard Temperature with Burn-In 


- 
Extended Temperature 
Range 


(- 40·C to +85·C) 


The Intel 80C188 is a CHMOS high integration microprocessor. It has features which are new to the 80186 
family which include a DRAM refresh control unit, power-save mode and a direct numerics interface. When 
used in "compatible" mode, the 80C188 is 100% pin-for-pin compatible with the NMOS 80188 (except for 
8087 applications). The "enhanced" mode of operation allows the full feature set of the 80C188 to be used. 
The 80C188 is upward compatible with 8086 and 8088 software and fully compatible with 80186 and 80188 
software. 
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Symbol 
Pin No. 
Type 
Name and Function 


Vcc,Vcc 
9,43 
I 
System Power: + 5 volt power supply. 


Vss,Vss 
26,60 
I 
System Ground. 


RESET 
57 
0 
Reset Output indicates 
that the 80C188 CPU is being reset, and can 


be used as a system reset. It is active HIGH, synchronized 
with the 


processor 
clock, and lasts an integer number of clock periods 


corresponding 
to the length of the RES signal. Reset goes inactive 2 


clockout 
periods after RES goes inactive. When tied to the TEST pin, 


Reset forces the 80C188 into enhanced 
mode. 


X1, X2 
59,58 
I 
Crystal Inputs X1 and X2 provide external 
connections 
for a 


fundamental 
mode or third overtone 
parallel resonant 
crystal for the 


internal oscillator. 
X1 can connect 
to an external clock instead of a 


crystal. 
In this case, minimize the capacitance 
on X2 or drive X2 with 


complemented 
X1. The input or oscillator 
frequency 
is internally 


divided by two to generate 
the clock signal (CLKOUT). 


CLKOUT 
56 
0 
Clock Output provides the system with a 50% duty cycle waveform. 
All device pin timings are specified 
relative to CLKOUT. 


RES 
24 
I 
System Reset causes the 80C188 to immediately 
terminate 
its 


present activity, clear the internal 
logic, and enter a dormant 
state. 


This signal may be asynchronous 
to the 80C188 clock. The 80C188 


begins fetching 
instructions 
approximately 
7 clock cycles after RES is 


returned 
HIGH. For proper initialization, 
Vcc must be within 


specifications 
and the clock signal must be stable for more than 4 


clocks with RES held LOW. RES is internally 
synchronized. 
This input 


is provided 
with a Schmitt-trigger 
to facilitate 
power-on 
RES 


generation 
via an RC network. 
When RES occurs, the 80C188 will 


drive the status lines to an inactive level for one clock, and then float 
them. 


TEST 
47 
I 
The TEST pin is sampled 
during and after reset to determine 
whether 


the 80C188 is to enter Compatible 
or Enhanced 
Mode. Enhanced 


Mode requires TEST to be HIGH on the rising edge of RES and LOW 
four clocks later. Any other combination 
will place the 80C188 
in 


Compatible 
Mode. A weak internal pullup insures a HIGH state when 


the pin is not driven. This pin is examined 
by the WAIT instruction. 
If 


the TEST input is HIGH when WAIT execution 
begins, instruction 


execution 
will suspend. 
TEST will be resampled 
every five clocks until 


it goes LOW, at which time execution 
will resume. 
If interrupts 
are 


enabled while the 80C188 is waiting for TEST, interrupts 
will be 


serviced. 


TMR INO, 
20 
I 
Timer Inputs are used either as clock or control 
signals, depending 
TMR IN 1 
21 
I 
upon the programmed 
timer mode. These inputs are active HIGH (or 


LOW-to-HIGH 
transitions 
are counted) 
and internally 
synchronized. 


TMROUTO, 
22 
0 
Timer outputs are used to provide single pulse or continous 
waveform 
TMROUT 
1 
23 
0 
generation, 
depending 
upon the timer mode selected. 


intJ 


Symbol 
Pin No. 
Type 
Name and Function 


DRQO 
18 
I 
DMA Request 
is driven HIGH by an external device when it desires 
DRQ1 
19 
I 
that a DMA channel 
(Channel 0 or 1) perform 
a transfer. 
These 


signals are active HIGH, level-triggered, 
and internally 
synchronized. 


NMI 
46 
I 
Non-Maskable 
Interrupt 
is an edge-triggered 
input which causes a 


type 2 interrupt. 
NMI is not maskable 
internally. 
A transition 
from a 


LOW to HIGH initiates the interrupt 
at the next instruction 
boundary. 


NMI is latched internally. 
An NMI duration 
of one clock or more will 


guarantee 
service. This input is internally 
synchronized. 


INTO,INT1 
45,44 
I 
Maskable 
Interrupt 
Requests 
can be requested 
by activating 
one of 
INT2/INTAO 
42 
I/O 
these pins. When configured 
as inputs, these pins are active HIGH. 


INT3/INTA1 
41 
I/O 
Interrupt 
Requests 
are synchronized 
internally. 
INT2 and INT3 may 


be configured 
via software 
to provide active-LOW 
interrupt- 


I 
acknowledge 
output signals. All interrupt 
inputs may be configured 


via software 
to be either edge- or level-triggered. 
To ensure 


recognition, 
all interrupt 
requests 
must remain active until the 


interrupt 
is acknowJedged. 
When slave mode is selected, 
the 


function 
of these pins changes 
(see Interrupt 
Controller 
section 
of 


this data sheet). 


A19/56, 
65 
0 
Address 
Bus Outputs 
(16-19) 
and Bus Cycle 5tatus 
(3-6) 
reflect 
A18/55, 
66 
0 
the four most significant 
address bits during T1. These signals are 


A17/54, 
67 
0 
active HIGH. During T2, T3, Tw, and T4, status information 
is 


A16/53 
68 
0 
available 
on these lines as encoded 
below: 


I 
Low 
I 
High 


56 
I Processor 
Cycle I 
DMACycle 


53, 54, and 55 are defined as LOW during T2- T4. 


A15-A8 
1,3,5,7, 
0 
Address-Only 
Bus (15-8) 
contains 
valid addresses 
from T1- T4. The 
10,12,14, 
16 
bus is active high. 


AD7-ADO 
2,4,6,8, 
I/O 
Address/Data 
Bus (7 -0) 
signals constitute 
the time multiplexed 
11, 13, 16, 17 
memory or I/O address 
(T1) and data (T2, T3, Tw, and T4) bus. The 


bus is active high. 


57/RFSH 
64 
0 
In compatible 
mode, 57 is high to signify that the 80C188 
has an 


8-bit bus except during bus HOLD at which time the pin floats. 


In Enhanced 
Mode, 57 will become 
57/RF5H 
in order to ~ 


DRAM refresh cycles. A refresh cycle is indicated 
by 57/RF5H 


being LOW. 


Symbol 
Pin No. 
Type 
Name and Function 


ALE/QSO 
61 
0 
Address 
Latch Enable/Queue 
Status 0 is provided 
by the 80C188 


to latch the address. 
ALE is active HIGH. Addresses 
are 


guaranteed 
to be valid on the trailing edge of ALE. 'The ALE rising 


edge is generated 
off the rising edge of the CLKOUT 
immediately 


preceding 
T1 of the associated 
bus cycle, effectively 
one-half 
clock 


cycle earlier than in the standard 
8088. The trailing edge is 


generated 
off the CLKOUT 
rising edge in T1 as in the 8088. Note 


that ALE is never floated. 


WR/QS1 
63 
0 
Write Strobe/Queue 
Status 1 indicates 
that the data on the bus is 


to be written into a memory or an I/O device. WR is active for T2, 
T3, and Tw of any write cycle. It is active LOW, and floats during 
"HOLD." 
It is driven HIGH for one clock during Reset, and then 


floated. When the 80C188 is in queue status mode. the ALE/QSO 
and WR/QS1 
pins provide information 
about processor/instruction 


queue interaction. 


QS1 
QSO 
Queue Operation 


0 
0 
No queue operation 


0 
1 
First opcode 
byte fetched 
from 


the queue 
1 
1 
Subsequent 
byte fetched 
from 


the queue 
1 
0 
Empty the queue 


RD/QSMD 
62 
0 
Read Strobe indicates 
that the 80C188 is performing 
a memory or 


I/O read cycle. RD is active LOW for T2, T3, and Tw of any read 
cycle. It is guaranteed 
not to go LOW in T2 until after the Address 


Bus is floated. 
RD is active LOW, and floats during "HOLD". 
RD is 


driven HIGH for one clock during Reset, and then the output driver 
is floated. 
A weak internal 
pull-up mechanism 
of the RD line holds it 


HIGH when the line is not driven. During RESET the pin is sampled 
to determine 
whether 
the 80C188 should provide ALE, WR and RD. 


or if the Queue-Status 
should be provided. 
RD should be 


connected 
to GND to provide Queue-Status 
data. 


ARDY 
55 
I 
Asynchronous 
Ready informs the 80C188 that the addressed 


memory space or I/O device will complete 
a data transfer. 
The 


ARDY input pin will accept an asynchronous 
input. and is active 


HIGH. Only the rising edge is internally 
synchronized 
by the 


80C188. This means that the falling edge of ARDY must be 
synchronized 
to the 80C188 clock. If connected 
to Vcc, no WAIT 


states are inserted. 
Asynchronous 
ready (ARDY) or synchronous 


ready (SRDY) must be active to terminate 
a bus cycle. If unused, 


this line should be tied LOW to yield control to the SRDY pin. 


SRDY 
49 
I 
Synchronous 
Ready must be synchronized 
externally 
to the 


80C188. The use of SRDY provides 
a relaxed system-timing 


specification 
on the Ready input. This is accomplished 
by 


eliminating 
the one-half 
clock cycle which is required for internally 


resolving 
the signal level when using the ARDY input. This line is 


active HIGH. If this line is connected 
to VCC. no WAIT states are 


inserted. Asynchronous 
ready (ARDY) or synchronous 
ready 


(SRDY) must be active before a bus cycle is terminated. 
If unused, 


this line should be tied LOW to yield control to the ARDY pin. 


Symbol 
Pin No. 
Type 
Name and Function 


LOCK 
48 
a 
LOCK output indicates 
that other system bus masters are not to gain 
control of the system bus while LOCK is active LOW. The LOCK 
signal is requested 
by the LOCK prefix instruction 
and is activated 
at 


the beginning 
of the first data cycle associated 
with the instruction 


following 
the LOCK prefix. It remains active until the completion 
of 


the instruction 
following 
the LOCK prefix. No prefetches 
will occur 


while LOCK is asserted. 
LOCK is active LOW, is driven HIGH for one 


clock during RESET, and then floated. 


SO, S1, S2 
52-54 
a 
Bus cycle status SO-52 
are encoded 
to provide bus-transaction 


information: 


80C188 
Bus Cycle Status Information 


S2 
S1 
SO 
Bus Cycle Initiated 


0 
0 
0 
Interrupt 
Acknowledge 


0 
0 
1 
Read I/O 
0 
1 
0 
Write 1/0 
0 
1 
1 
Halt 
1 
0 
0 
Instruction 
Fetch 


1 
0 
1 
Read Data from Memory 


1 
1 
0 
Write Data to Memory 


1 
1 
1 
Passive (no bus cycle) 


The status pins float during HOLQ/HLDA. 
S2 may be used as a logical MilO 
indicator, 
and S1 as a DTIR 


indicator. 
The status lines are driven HIGH for one clock during Reset, and 
then floated 
until a bus cycle begins. 


HOLD (input) 
50 
I 
HOLD indicates 
that another 
bus master is requesting 
the local bus. 
HLDA (output) 
51 
a 
The HOLD input is active HIGH. HOLD may be asynchronous 
with 


respect to the 80C188 clock. The 80C188 will issue a HLDA (HIGH) 
in response 
to a HOLD request at the end of T4 or Tj. Simultaneous 


with the issuance 
of HLDA, the 80C188 will float the local bus and 


control 
lines. After HOLD is detected 
as being LOW, the 80C188 will 


, 
lower HLDA. When the 80C188 
needs to run another 
bus cycle, it will 


again drive the local bus and control 
lines. 


In Enhanced 
Mode, HLDA will go low when a DRAM refresh cycle is 


pending in the 80C188 and an external 
bus master has control 
of the 


bus. It will be up to the external 
master to relinquish 
the bus by 


lowering 
HOLD so that the 80C188 may execute the refresh cycle. 


Lowering 
HOLD for four clocks and returning 
HIGH will insure only 


one refresh cycle to the external 
master. HLDA will immediately 
go 


active after the refresh cycle has taken place. 


UCS 
34 
a 
Upper Memory Chip Select is an active LOW output whenever 
a 


memory reference 
is made to the defined 
upper portion 
(1K-256K 


block) of memory. This line is not floated 
during bus HOLD. The 


address 
range activating 
UCS is software 
programmable. 


UCS and LCS are sampled 
upon the rising edge of RES. If both pins 


are held low, the 80C188 will enter ONCETM Mode. In ONCE Mode 
all pins assume a high impedance 
state and remain so until a 


subsequent 
RESET. UCS has a weak internal pullup for normal 


, 
operation. 


Symbol 
Pin No. 
Type 
Name and Function 


LCS 
33 
0 
Lower Memory Chip Select is active LOW whenever 
a 


memory reference 
is made to the defined 
lower portion (1K- 


256K) of memory. This line is not floated 
during bus HOLD. 


The address range activating 
LCS is software 
programmable. 


UCS and LCS are sampled 
upon the rising edge of RES. If 


both pins are held low, the 80C186 will enter ONCE Mode. In 
ONCE Mode all pins assume a high im~ance 
state and 


remain so until a subsequent 
RESET. LCS has a weak 


internal pullup for normal operation. 


MCSO-3 
38,37,36,35 
0 
Mid-Range 
Memory Chip Select signals are active LOW 


when a memory reference 
is made to the defined 
mid-range 


portion of memory (8K-512K). 
These lines are not floated 


during bus HOLD. The address ranges activating 
MCSO-3 


are software 
programmable. 


PCSO 
25 
0 
Peripheral 
Chip Select signals 0-4 
are active LOW when a 


PCS1-4 
27,28,29,30 
0 
reference 
is made to the defined 
peripheral 
area (64K byte 


I/O space). These lines are not floated 
during bus HOLD. 


The address ranges activating 
PCSO-4 
are software 


programmable. 


PCS5/A1 
31 
0 
Peripheral 
Chip Select 5 or Latched A 1 may be programmed 


to provide a sixth peripheral 
chip select, or to provide an 


" 
internally 
latched A 1 signal. The address 
range activating 


PCS5 is software 
programmable. 
When programmed 
to 


provide latched. 
A 1, rather than PCS5, this pin will retain the 


previously 
latched value of A 1 during a bus HOLD. A 1 is 


active HIGH. 


PCS6/A2 
32 
0 
Peripheral 
Chip Select 6 or Latched A2 may be programmed 


to provide a seventh 
peripheral 
chip select, or to provide an 


internally 
latched A2 signal. The address range activating 


PCS6 is software 
programmable. 
When programmed 
to 


provide latched A2, rather than PCS6, this pin will retain the 
previously 
latched value of A2 during a bus HOLD. A2 is 


active HIGH. 


DT/R 
40 
0 
Data Transmit/Receive 
controls 
the direction 
of data flow 


through the external 
8286/8287 
data bus transceiver. 
When 


LOW, data is transferred 
to the 80C188. When HIGH the 


80C188 places write data on the data bus. 


DEN 
39 
0 
Data Enable is provided 
as an 8286/8287 
data bus 


transceiver 
output enable. DEN is active LOW during each 


memory and I/O access. 
DEN is HIGH whenever 
DT /R" 


changes 
state. 


The following Functional Description describes the 
base architecture of the 80C188. This architecture is 
common to the 8086, 8088, 80186 and 80286 micro- 
processor families as well. The 80C188 is a very 
high integration 16-bit microprocessor. It combines 
15-20 of the most common microprocessor system 
components onto one chip. The 80C188 is object 
code compatible with the 8086/8088 
microproces- 


sors and adds 10 new instruction types to the exist- 
ing 8086/8088 instruction set. 


The 80C188 has two major modes of operation, 
Compatible and Enhanced. In Compatible Mode the 
80C188 
is 
completely 
compatible 
with 
NMOS 


80188, with the exception of 8087 support. All pin 
functions, timings, and drive capabilities are identi- 
cal. The Enhanced mode adds two new features to 
the system design. These are Power-Save control 
and Dynamic RAM refresh. 


The 8086, 8088, 80186, and 80286 families all con- 
tain the same basic set of registers, instructions, and 
addressing modes. The 80C188 processor is up- 
ward compatible with the 8086, 8088, and 80286 
CPUs. 


The 80C188 base architecture has fourteen regis- 
ters as shown in Figures 3a and 3b. These registers 
are grouped into the following categories. 


General 
Registers 


Eight 16-bit general purpose registers may be used 
to contain arithmetic and logical operands. Four of 


Segment 
Registers 


Four 16-bit special purpose registers select, at any 
given time, the segments of memory that are imme- 
diately addressable for code, stack, and data. (For 
usage, refer to Memory Organization.) 


Base and Index Registers 


Four of the general purpose registers may also be 
used to determine offset addresses of operands in 
memory. These registers may contain base address- 
es or indexes to particular locations within a seg- 
ment. The addressing mode selects the specific reg- 
isters for operand and address calculations. 


Status and Control 
Registers 


Two 16-bit special purpose registers record or alter 
certain aspects of the 80C188 processor state. 
These are the Instruction Pointer Register, which 
contains the offset address of the next sequential 
instruction to be executed, and the Status Word 
Register, which contains status and control flag bits 
(see Figures 3a and 3b). 


The Status Word records specific characteristics of 
the result of logical and arithmetic instructions (bits 
0, 2, 4, 6, 7, and 11) and controls the operation of 
the 80C186 within a given operating mode (bits 8, 9, 
and 10). The Status Word Register is 16-bits wide. 
The function of the Status Word bits is shown in 
Table 2. 


BYTE 


ADDRESSABLE 
(8-BIT 


REGISTER 


NAMES 
SHOWN) 


16-81T 


REGISTER 


NAME 


AH 
AL 


oH 
oL 


CH 
CL 


BH 
BL 


STATUSnAGS: 


CARRY 


PARITY 


AUXILIARY 
CARRY 
lERO 


SIGN 


OVERFLOW 


15 
14 
13 


SPECIAL 


REGISTER 
FUNCTIONS 


15 


CS 


~ 


CODe 
SEGMENT 
SELECTOR 


OS 
OAT A SEGMENT 
SELECTOR 


SS 
STACK 
SEGMENT 
SELECTOR 


ES 
EXTRA 
SEGMENT 
SELECTOR 


SEGMENT 
REGISTERS 


,:1==== 


CONTROL FLAGS: 


TRAP FLAG 


INTERRUPT 
ENABLE 


DIRECTION FLAG 


inter 


Bit 
Name 
Function 
Position 


0 
CF 
Carry Flag-Set 
on high-order 


bit carry or borrow; cleared 
otherwise 


2 
PF 
Parity Flag-8et 
if low-order 
8 


bits of result contain 
an even 


number of 1-bits; cleared 
otherwise 


4 
AF 
Set on carry from or borrow to 
the low order four bits of AL; 
cleared 
otherwise 


6 
ZF 
Zero Flag-Set 
if result is zero; 
cleared otherwise 


7 
SF 
Sign Flag-Set 
equal to high- 


order bit of result (0 if positive, 
1 if negative) 


8 
TF 
Single Step Fla~nce 
set, a 


single step interrupt occurs 
after the next instruction 
executes. 
TF is cleared 
by the 


single step interrupt. 


9 
IF 
Interrupt-enable 
Flag-When 


set, maskable 
interrupts 
will 


cause the CPU to transfer 
control to an interrupt vector 
specified 
location. 


10 
OF 
Direction 
Flag-Causes 
string 


instructions 
to auto decrement 


the appropriate 
index register 


when set. Clearing 
OF causes 


auto increment. 


11 
OF 
Overflow 
Flag-8et 
if the 


signed result cannot 
be 


expressed 
within the number 


of bits in the destination 
operand; 
cleared 
otherwise 


The instruction 
set is divided 
into seven categories: 


data transfer, 
arithmetic, 
shift/rotate/logical, 
string 


manipulation, 
control 
transfer, 
high-level 
instruc- 


tions, 
and processor 
control. 
These 
categories 
are 


summarized 
in Figure 4. 


An 80C188 
instruction 
can reference 
anywhere 
from 


zero to several 
operands. 
An operand 
can reside in 


a register, 
in the instruction 
itself, or in memory. 
Spe- 


cific operand 
addressing 
modes 
are discussed 
later 


in this data sheet. 


Memory 
is organized 
in sets of segments. 
Each seg- 


ment is a linear contiguous 
sequence 
of up to 64K 


(216) 8-bit bytes. Memory 
is addressed 
using a two- 


component 
address 
(a pointer) that consists 
of a 16- 


bit 
base 
segment 
and 
a 16-bit 
offset. 
The 
16-bit 


base 
values 
are contained 
in one 
of four 
internal 


segment 
register 
(code, 
data, 
stack, 
extra). 
The 


physical 
address 
is calculated 
by shifting 
the base 


value LEFT by four bits and adding 
the 16-bit offset 


value to yield a 20-bit physical 
address 
(see Figure 


5). This allows for a 1 MByte 
physical 
address 
size. 


All 
instructions 
that 
address 
operands 
in memory 


must specify the base segment 
and the 16-bit offset 


value. For speed and compact 
instruction 
encoding, 


the segment 
register 
used for physical 
address 
gen- 


eration 
is implied 
by the addressing 
mode used (see 


Table 
3). These 
rules follow 
the way programs 
are 


written 
(see Figure 6) as independent 
modules 
that 


require areas for code and data, a stack, and access 
to external 
data areas. 


Special 
segment 
override 
instruction 
prefixes 
allow 


the 
implicit 
segment 
register 
selection 
rules 
to be 


overridden 
for special 
cases. 
The stack, 
data, and 


extra segments 
may coincide 
for simple 
programs. 


inter 


GENERAL 
PURPOSE 
MOVS 
Move byte or word string 


MOV 
Move byte or word 
INS 
Input bytes or word string 


PUSH 
Push word onto stack 
OUTS 
Output bytes or word string 


POP 
Pop word off stack 


PUSHA 


CMPS 
Compare 
byte or word string 
Push all registers 
on stack 


POPA 
Pop all registers 
from stack 
SCAS 
Scan byte or word string 


XCHG 
Exchange 
byte or word 
LODS 
Load byte or word string 


XLAT 
Translate 
byte 
STOS 
Slore byte or word string 


INPUT IOUTPUT 
REP 
Repeat 


IN 
Input byte or word 
REPE/REPZ 
Repeat while equal/zero 


OUT 
I 
Output byte or word 
REPNE/REPNZ 
Repeat while not equal/not 
zero 


ADDRESS 
OBJECT 
LOGICALS 


LEA 
Load effective 
address 
NOT 
"Not" 
byte or word 


LDS 
Load pointer 
using DS 
AND 
"And" 
byte or word 


LES 
Load pointer 
using ES 
OR 
"Inclusive 
or" byte or word 


FLAG TRANSFER 
XOR 
"Exclusive 
or" byte or word 


LAHF 


TEST 
"Test" 
byte or word 


Load AH register from flags 


SAHF 
Store AH register 
in flags 
SHIFTS 


SHLISAL 
Shift logical! arithmetic 
left byte or word 


PUSHF 
Push flags onto stack 
SHR 
Shift logical right byte or word 


POPF 
Pop flags off stack 
SAR 
Shift arithmetic 
right byte or word 


ADDITION 
ROTATES 


ADD 
Add byte or word 
ROL 
Rotate 
left byte or word 


ADC 
Add byte or word with carry 
ROR 
Rotate 
right byte or word 


INC 
Increment 
byte or word by 1 
RCL 
Rotate 
through 
carry left byte or word 


AAA 
ASCII adjust for addition 
RCR 
Rotate through 
carry right byte or word 


DAA 
Decimal 
adjust for addition 
FLAG OPERATIONS 


SUBTRACTION 
STC 
Set carry flag 


SUB 
Subtract 
byte or word 
CLC 
Clear carry flag 


SBB 
Subtract 
byte or word with borrow 
CMC 
Complement 
carry flag 


DEC 
Decrement 
byte or word by 1 
STD 
Set direction 
flag 


NEG 
Negate 
byte or word 
CLD 
Clear direction 
flag 


CMP 
Compare 
byte or word 
STI 
Set interrupt 
enable flag 


AAS 
ASCII adjust for subtraction 
CLI 
Clear interrupt 
enable flag 


DAS 
Decimal 
adjust for subtraction 
EXTERNAL 
SYNCHRONIZATION 


MULTIPLICATION 
HLT 
Halt until interrupt 
or reset 


MUL 
Multiply 
byte or word unsigned 
WAIT 
Wait for TEST pin active 


IMUL 
Integer 
multiply 
byte or word 
ESC 
Escape to extensiqn 
processor 


AAM 
ASCII adjust for multiply 
LOCK 
Lock bus during next instruction 


DIVISION 
NO OPERATION 


DIV 
Divide byte or word unsigned 
NOP 
No operation 


IDIV 
Integer divide byte or word 
HIGH LEVEL 
INSTRUCTIONS 


AAD 
ASCII adjust for division 
ENTER 
Format stack for procedure 
entry 


CBW 
Convert 
byte to word 
LEAVE 
Restore 
stack for procedure 
exit 


CWD 
Convert 
word to doubleword 
BOUND 
Detects 
values outside 
prescribed 
range 


CONDITIONAL 
TRANSFERS 


JA/JNBE 
Jump if above/not 
below nor equal 


JAE/JNB 
Jump if above or equal/not 
below 


JB/JNAE 
Jump if below/not 
above nor equal 


JBE/JNA 
Jump if below or equal/not 
above 


JC 
Jump if carry 


JE/JZ 
Jump if equal/zero 


JG/JNLE 
Jump if greater/not 
less nor equal 


JGE/JNL 
Jump if greater or equal/not 
less 


JlIJNGE 
Jump if less/not 
greater 
nor equal 


JLE/JNG 
Jump if less or equal/not 
greater 


JNC 
Jump if not carry 


JNE/JNZ 
Jump if not equal/not 
zero 


JNO 
Jump if not overflow 


JNP/JPO 
Jump if not parity/parity 
odd 


JNS 
Jump if not sign 


JO 
Jump if overflow 


JP/JPE 
Jump if parity/parity 
even 


JS 
Jump if sign 


UNCONDITIONAL 
TRANSFERS 


CALL 
Call procedure 


RET 
Return from procedure 


JMP 
Jump 


ITERATION 
CONTROLS 


LOOP 
Loop 


LOOPE/LOOPZ 
Loop if equal/ zero 


LOOPNE/LOOPNZ 
Loop if not equal/not 
zero 


JCXZ 
Jump if register 
CX = 0 


INTERRUPTS 


INT 
Interrupt 


INTO 
Interrupt 
if overflow 


IRET 
Interrupt 
return 


To access 
operands 
that do not reside in one of the 


four 
immediately 
available 
segments, 
a full 
32-bit 


pointer 
can be used to reload 
both the base (seg- 
ment) and offset values. 
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TOMEMOAY 


Memory 
Segment 
Implicit Segment 
Reference 
Register 
Needed 
Used 
Selection 
Rule 


Instructions 
Code (CS) 
Instruction 
prefetch 
and 


immediate 
data. 
Stack 
Stack (55) 
All stack pushes and 
pops; any memory 
references 
which use BP 


Register as a base 
register. 


External 
Extra (ES) 
All string instruction 


Data 
references 
which use 


(Global) 
the 01 register as an 
index. 
Local Data 
Data (OS) 
All other data references. 


r---, 
I 
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Helps 


Structure 
Software 


Addressing 
Modes 


The 80C188 provides eight categories of addressing 
modes to specify operands. Two addressing modes 
are provided for instructions that operate on register 
or immediate operands: 


• 
Register 
Operand 
Mode: The operand is located 


in one of the 8- or 16-bit general registers. 


• 
Immediate 
Operand 
Mode: 
The operand is in- 
cluded in the instruction. 


Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: a seg- 
ment base and an offset. The segment base is sup- 
plied by a 16-bit segment register either implicitly 
chosen by the addressing mode or explicitly chosen 
by a segment override prefix. The offset, also called 
the effective address, is calculated by summing any 
comoination of the following three address ele- 
ments: 
• the displacement 
(an 8- or 16-bit immediate value 


contained in the instruction); 
• the base (contents of either the BX or BP base 


registers); and 
• the index (contents of either the SI or 01 index 


registers). 


Any carry out from the 16-bit addition is ignored. 
Eight-bit displacements are sign extended to 16-bit 
values. 


Combinations of these three address elements de- 
fine the six memory addressing modes, described 
below. 


• 
Direct Mode: The operand's offset is contained in 
the instruction as an 8- or 16·bit displacement el· 
ement. 


• 
Register 
Indirect 
Mode: The operand's offset is in 


one of the registers SI, 01, BX, or BP. 


• 
Based 
Mode: The operand's offset is,the sum of 


an 8- or 16-bit displacement and the contents of 
a base register (BX or BP). 


• 
Indexed 
Mode: The operand's offset is the sum 


of an 8- or 16~bitdisplacement and the contents 
of an index register (SI or 01). 


• 
Based Indexed 
Mode: The operand's offset is the 


sum of the contents of a base register and an 
Index register. 


• 
Based indexed 
Mode 
with Displacement: 
The op- 


erand's offset is the sum of a base register's con- 
tents, an index register's contents, and an 8- or 
16-bit displacement. 


Data Types 


The 80C188 directly supports the following data 
types: 


• 
Integer: A signed binary numeric value contained 
in an 8-bit byte or a 16-bit word. All operations 
assume a 2's complement representation. 


• 
Ordinal: 
An unsigned binary numeric value con- 


tained in an 8-bit byte or a 16-bit word. 


• 
Pointer: A 16- or 32-bit quantity, composed of a 
16·bit offset component or a 16-bit segment base 
component in addition to a 16-bit offset compo- 
nent. 


• 
String: A contiguous sequence of bytes or words. 
A string may contain from 1 to 64K bytes. 


• ASCII: A byte representation of alphanumeric and 


control characters using the ASCII standard of 
character representation. 


• 
BCD: A byte (unpacked) representation of the 
decimal digits 0-9. 


• 
Packed 
BCD: A byte (packed) representation of 


two decimal digits (0-9). One digit is stored in 
each nibble (4-bits) of the byte. 


In general, individual data elements must fit within 
defined segment limits. Figure 7 graphically repre- 
sents the data types supported by the 80C188. 


I/O Space 


The I/O space consists of 64K 8-bit or 32K 16-bit 
ports. Separate instructions address the I/O space 
with either an 8-bit port address, specified in the in- 
struction, or a 16-bit port address in the OX register. 
8-bit port addresses are zero extended such that 
A15-A6 
are LOW. I/O 
port addresses 00F8(H) 


through OOFF(H)are reserved. 


Interrupts 


An interrupt transfers execution to a new program 
location. The old program address (CS:IP) and ma- 
chine state (Status Word) are saved on the stack to 
allow resumption of the interrupted program. Inter- 
rupts fall into three classes: hardware initiated, INT 
instructions, and instruction exceptions. Hardware 
initiated interrupts occur in response to an external 
input and are classified as non-maskable or maska- 
ble. 


Programs may cause an interrupt with an INT in- 
struction. Instruction exceptions occur when an un- 
usual condition, which prevents further instruction 
processing, is detected while attempting to execute 
an instruction. If the exception was caused by at- 
tempted execution of an ESC instruction, the return 
instruction will point to the ESC instruction, or to the 
segment 
override 
prefix 
immediately 
preceding 
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the ESC instruction if the prefix was present. In all 
other cases, the return address from an exception 
will point at the instruction immediately following the 
instruction causing the exception. 


A table containing up to 256 pointers defines the 
proper interrupt service routine for each interrupt. In- 
terrupts 0-31, some of which are used for instruc- 
tion exceptions, are reserved. Table 4 shows the 
80C188 predefined types and default priority levels. 
For each interrupt, an 8-bit vector must be supplied 
to the 80C186 which identifies the appropriate table 
entry. Exceptions supply the interrupt vector inter- 
nally. In addition, internal peripherals and noncas- 
caded external interrupts will generate their own 
vectors through the internal interrupt controller. INT 
instructions contain or imply the vector and allow 
access to all 256 interrupts. Maskable hardware ini- 
tiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus sequence. 
Non-maskable hardware interrupts use a predefined 
internally supplied vector. 


Interrupt Sources 


The 80C188 can service interrupts generated by 
software or hardware. The software interrupts are 
generated by specific instructions (INT, ESC, unused 
OP, etc.) or the results of conditions specified by 
instructions (array bounds check, INTO, OIV, IOIV, 
etc.). All interrupt sources are serviced by an indirect 
call through an element of a vector table. This vector 
table is indexed by using the interrupt vector type 
(Table 4), niultiplied by four. All hardware-generated 
interrupts are sampled at the end of each instruc- 
tion. Thus, the software interrupts will begin service 
first. Once the service routine is entered and inter- 
rupts are enabled, any hardware source of sufficient 
priority can interrupt the service routine in progress. 


The software generated 80C188 interrupts are de- 
scribed below. 


DIVIDE ERROR EXCEPTION (TYPE 0) 


Generated when a OIV or IOIV instruction quotient 
cannot be expressed in the number of bits in the 
destination. 


SINGLE·STEP INTERRUPT (TYPE 1) 


Generated after most instructions if the TF flag is 
set. Interrupts will not be generated after prefix in- 
structions (e.g., REP), instructions which modify seg- 
ment registers (e.g., POP OS), or the WAIT instruc- 
tion. 


NON·MASKABLE INTERRUPT-NMI 
(TYPE 2) 


An 
external 
interrupt 
source 
which 
cannot 
be 


masked. 


inter 


Interrupt 
Vector 
Default 
Related 


Name 
Type 
Priority 
Instructions 


Divide Error 
0 
'1 
DIV,IDIV 


Exception 
Single Step 
1 
12" 
All 


Interrupt 
NMI 
2 
1 
All 


Breakpoint 
3 
'1 
INT 


Interrupt 
INTODetected 
4 
'1 
INTO 


Overflow 
Exception 
Array Bounds 
5 
'1 
BOUND 


Exception 
Unused-Opcode 
6 
'1 
Undefined 


Exception 
Opcodes 


ESCOpcode 
7 
*1··· 
ESCOpcodes 


Exception 
Timer 0 Interrupt 
8 
2A•••• 
Timer 1 Interrupt 
18 
2B•••• 
Timer 2 Interrupt 
19 
2C•••• 
Reserved 
9 
3 


DMA 0 Interrupt 
10 
4 


DMA 1 Interrupt 
11 
5 


INTOInterrupt 
12 
6 


INT1 Interrupt 
13 
7 


INT2 Interrupt 
14 
8 


INT3 Interrupt 
15 
9 


NOTES: 
·1. These are generated as the result of an instruction exe- 
cution. 
··2. This is handled as in the 8088. 
····3. 
All three timers constitute one source of request to 


the interrupt controller. The Timer interrupts all have the 
same default priority level with respect to all other interrupt 
sources. However, they have a defined priority ordering 
amongst themselves. (Priority 2A is higher priority than 28.) 
Each Timer interrupt has a separate vector type number. 
4. Default priorities for the interrupt sources are used only if 
the user does not program each source into a unique prior- 
ity level. 
···5. An escape opcode will cause a trap regardless of the 
80C188 operating mode. 


A one-byte version of the INT instruction. It uses 12 
as an index into the service routine address table 
(because it is a type 3 interrupt). 


INTO DETECTED OVERFLOW EXCEPTION 
(TYPE4) 


Generated during an INTOinstruction if the OFbit is 
set. 


ARRAY BOUNDS EXCEPTION (TYPE 5) 


Generated during a BOUND instruction if the array 
index is outside the array bounds. The array bounds 
are located in memory at a location indicated by one 
of the instruction operands. The other operand indi- 
cates the value of the index to be checked. 


UNUSED OPCODE EXCEPTION (TYPE 6) 


Generated if execution is attempted on undefined 
opcodes. 


Generated if execution is attempted of ESC opcodes 
(D8H-DFH). The 80C188 does not check an escape 
opcode trap bit as does the 80C186. On the 
80C188, ESC traps occcur in both compatible and 
enhanced operating modes. The return address of 
this exception will point to the ESC instruction caus- 
ing the exception. If a segment override prefix pre- 
ceded the ESC instruction, the return address will 
point to the segment override prefix. 


Hardware-generated interrupts are divided into two 
groups: maskable interrupts and non-maskable in- 
terrupts. The 80C188 provides maskable hardware 
interrupt request pins INTO-INT3. In addition, mask- 
able interrupts may be generated by the 80C188 in- 
tegrated DMA controller and the integrated timer 
unit. The vector types for these interrupts is shown 
in Table 4. Software enables these inputs by setting 
the interrupt flag bit (IF) in the Status Word. The in- 
terrupt controller is discussed in the peripheral sec- 
tion of this data sheet. 


Further maskable interrupts are disabled while serv- 
icing an interrupt because the IF bit is reset as part 
of the response to an interrupt or exception. The 
saved Status Word will reflect the enable status of 
the processor prior to the interrupt. The interrupt flag 
will remain zero unless specifically set. The interrupt 
return instruction restores the Status Word, thereby 
restoring the original status of IF bit. If the interrupt 
return re-enables interrupts, and another interrupt is 
pending, the 80C188 will immediately service the 
highest-priority interrupt pending, i.e., no instructions 
of the main line program will be executed. 


Non-Maskable 
Interrupt 
Request (NMI) 


A non-maskable interrupt (NMI) is also provided. 
This interrupt is serviced regardless of the state of 
the IF bit. A typical use of NMI would be to activate a 
power failure routine. The activation of this input 
causes an interrupt with an internally supplied vector 
value of 2. No external interrupt acknowledge se- 
quence is performed. The IF bit is cleared at the 
beginning of an NMI interrupt to prevent maskable 
interrupts from being serviced. 


22-179 


inter 


Single-Step 
Interrupt 


The 80C188 has an internal interrupt that allows pro- 
grams to execute one instruction at a time. It is 
called the single-step interrupt and is controlled by 
the single-step flag bit (TF) in the Status Word. Once 
this bit is set, an internal single-step interrupt will 
occur after the next instruction has been executed. 
The interrupt clears the TF bit and uses an internally 
supplied vector of 1. The IRET instruction is used to 
set the TF bit and transfer control to the next instruc- 
tion to be single-stepped. 


Processor initialization or startup is accomplished by 
driving the RES input pin LOW. RES forces the 
80C188 to terminate all execution and local bus ac- 
tivi~o 
instruction or bus activity will occur as long 


as RES is active. After RES becomes inactive and 
an internal processing interval elapses, the 80C188 
begins execution with the instruction at physical lo- 
cation FFFFO(H). RES also sets some registers to 
predefined values as shown in Table 5. 


Table 5. 80C188 
Initial Register 


State after RESET 


Status Word 
Instruction Pointer 
Code Segment 
Data Segment 
Extra Segment 
Stack Segment 
Relocation Register 
UMCS 


F002(H) 
OOOO(H) 
FFFF(H) 
OOOO(H) 
OOOO(H) 
OOOO(H) 
20FF(H) 
FFFB(H) 


THE 80C188 
COMPARED 
TO THE 


80C186 


The 80C188 is an 8-bit processor designed based 
on the 80C188 internal structure. Most internal func- 
tions of the 80C188 are identical to the equivalent 
80C186 functions. The 80C188 handles the external 
bus the same way the 80C186 does with the distinc- 
tion of handling only 8 bits at a time. Sixteen-bit op- 
erands are fetched or written in two consecutive bus 
cycles. The processors will look the same to the 
software engineer, with the exception of execution 
time. The internal register structure is identical and 
all instructions except numerics instructions have 
the same end result. Internally, there are four differ- 
ences between the 80C188 and the 80C186. All 
changes are related to the 8-bit bus interface. 


• The queue length is 4 bytes in the 80C188, 


whereas the 80C186 queue contains 6 bytes, or 
three words. The queue was shortened to pre- 
vent overuse of the bus by the BIU when pre- 
fetching instructions. This was required because 
of the additional time necessary to fetch instruc- 
tions 8 bits at a time. 


• To further optimize the queue, the prefetching al- 


gorithm was changed. The 80C188 BIU will fetch 
a new instruction to load into the queue each 
time there is a 1-byte hole (space available) in the 
queue. The 80C186 waits until a 2-byte space is 
available. 


• The internal execution time of an instruction is 


affected by the 8-bit interface. All 16-bit fetches 
and writes from/to 
memory take an additional 


four clock cycles. The CPU may also be limited 
by the rate of instruction fetches when a series of 
simple operations occur. When the more sophisti- 
cated instructions of the 80C188 are being used, 
the queue has more time to fill and the execution 
proceeds more closely to the speed at which the 
execution unit will allow. 


• The 80C188 does not have a numerics interface, 


since the 80C186 numerics interface inherently 
requires 16-bit communication with the numerics 
coprocessor. 


The 80C188 and 80C186 are completely software 
compatible (except for numerics instructions) by vir- 
tue of their identical execution units. However, soft- 
ware that is system dependent may not be com- 
pletely transferable. 


The bus interface and associated control signals 
vary somewhat between the two processors. The 
pin assignments are nearly identical, with the folLow- 
ing functional changes: 
• A8-A 15- These pins are only address outputs 


on the 80C188. These address lines are latched 
internally and remain valid throughout the bus cy- 
cle. 
• BHE has no meaning on the 80C188. However, it 


was 
necessary 
to 
designate 
this 
pin 
the 


S7/RFSH pin in order to provide an indication of 
DRAM refresh bus cycles. 


The 80C188 provides an on-chip clock generator for 
both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide- 
by-two counter, synchronous and asynchronous 
ready inputs, and reset circuitry. 


The 80C188 oscillator circuit is designed to be used 
either with a parallel resonant fundamental or third- 
overtone mode crystal, depending upon the frequen- 
cy range of the application as shown in Figure 8c. 
This is used as the time base for the 80C188. The 
crystal frequency chosen should be twice the reo 
quired processor frequency. Use of an LC or RC cir- 
cuit is not recommended. 
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The output 
of the oscillator 
is not directly 
available 


outside 
the 80C188. 
The two recommended 
crystal 
configurations 
are shown in Figure 8a. When used in 


third-overtone 
mode the tank circuit shown in Figure 


8b is recommended 
for stable operation. 
The sum of 


the 
stray 
capacitances 
and 
loading 
capacitors 


should equal the values shown. 
It is advisable 
to lim- 
it stray capacitance 
between 
the X1 and X2 pins to 


less than 
10 pF. While 
a fundamental-mode 
circuit 


will require approximately 
1 ms for start-up, the third- 


overtone 
arrangement 
may require 
1 ms to 3 ms to 


stabilize. 


Alternately 
the oscillator 
pins may be driven from an 


external 
source 
in a configuration 
shown 
in Figure 


8d or Figure 
8e. The configuration 
shown 
in Figure 


8f is not recommended. 


The following 
parameters 
may be used for choosing 


a crystal: 


Temperature 
Range: 


ESR (Equivalent 
Series Resistance): 
Co (Shunt Capacitance 
of Crystal): 
Cl (Load Capacitance): 
Drive Level: 


o to 70·C 
400 
max 
7.0 pF max 
20 pF ± 2 pF 
1 mWmax 


The 80C188 
clock generator 
provides 
the 50% duty 


cycle processor 
clock for the 80C188. 
It does this by 


dividing 
the oscillator 
output 
by 2 forming 
the sym- 


metrical 
clock. 
If an external 
oscillator 
is used, the 


state of the clock 
generator 
will change 
on the fail- 


ing edge 
of the oscillator 
signal. 
The CLKOUT 
pin 


provides 
the processor 
clock 
signal for use outside 


the 80C188. 
This may be used to drive other system 


components. 
All timings are referenced 
to the output 


clock. 


READY Synchronization 


The 80C188 
provides 
both synchronous 
and asyn- 


chronous 
ready 
inputs. 
Asynchronous 
ready 
syn- 


chronization 
is accomplished 
by circuitry 
which sam- 


ples ARDY in the middle of T2. T3 and again in the 
middle 
of each 
Tw until 
ARDY 
is sampled 
HIGH. 


One-half 
CLKOUT 
cycle 
of resolution 
time is used. 


Full synchronization 
is performed 
only on the rising 


edge of ARDY, 
Le., the falling 
edge of ARDY 
must 


be synchronized 
to the CLKOUT 
signal if it will occur 


during 
T2. T3, or Tw. High-to-LOW 
transitions 
of 


ARDY must be performed 
synchronously 
to the CPU 


clock. 


A second 
ready 
input 
(SRDY) 
is provided 
to inter- 


face with externally 
synchronized 
ready signals. This 


input is sampled 
at the end of T2, T3 and again 
at 


the 
end 
of each 
Tw until 
it is sampled 
HIGH. 
By 


using this input rather than the asynchronous 
ready 


input, the half-clock 
cycle 
resolution 
time penalty 
is 


eliminated. 


30pF 
It 


X2 
eOClee 


NOTE: 
- 
Note1 


XTAL Frequency 
L1 Value 
20 MHz 
12.0 J.LH± 20% 
25 MHz 
8.2 J.LH± 20% 
1:200 
pF 


32 MHz 
4.7 J.LH±20% 


RecommendedCrystal Mode 
I' 
Third-Overtone 


-I '----1 Fundamental------j 
I 
I 
10MHz 
12.5MHz 


(8c) 


[1=JE~x~te~rEn~aIDc~'~oc~k~s:2ou~r~cie>-------~ Xl 


X2 
(8d) 
eOClee 


'I 
I 
16MHz 


X2 


eOC1ee 


X2 


eOC1ee 


This input must satisfy set-up and hold times to guar- 
antee proper operation of the circuit. 


In addition, the 80C188, as part of the integrated 
chip-select logic, has the capability to program WAIT 
states for memory and peripheral blocks. This is dis- 
cussed in the Chip Select/Ready Logic description. 


RESET Logic 


The 80C188 provides ,both a RES input pin and a 
synchronized RESET pin for use with other system 
components. The RES input pin on the 80C188 is 
provided with hysteresis in order to facilitate power- 
on Reset generation via an RC network. RESET is 
guaranteed to remain active for at least five clocks 
given a RES input of at least six clocks. RESET may 
be delayed up to two and one-half clocks behind 
RES. 


Multiple 80C188 processors may be synchronized 
through the RES input pin, since this input resets 
both the processor and divide-by-two internal coun- 
ter in the clock generator. In order to insure that the 
divide-by-two counters all begin counting at the 
same time, the active going edge of RES must satis- 
fy a 25 ns setup time before the falling edge of the 
80C188 clock input. In addition, in order to insure 
that all CPUs begin executing in the same clock cy- 
cle, the reset must satisfy a 15 ns setup time before 
the rising edge of the CLKOUT signal of all the proc- 
essors. 


The 80C188 provides a local bus controller to gener- 
ate the local bus control signals. In addition, it em- 
ploys a HOLD/HLDA protocol for relinquishing the 
local bus to other bus masters. It also provides con- 
trol lines that can be used to enable external buffers 
and to direct the,flow of data on and off the local 
bus. 


Memory/Peripheral 
Control 


The 80C188 provides ALE, RD, and WR bus control 
signals. The RD and WR signals are used to strobe 
data from memory to the 80C188 or to strobe data 
from the 80C188 to memory. The ALE line provides 
a strobe to address latches for the multiplexed ad- 
dress/data 
bus. The 80C188 local bus controller 


does not provide a memory/I/O signal. If this is re- 
quired, the user will have to use the 52 signal (which 
will require external latching), make the memory and 
I/O spaces nonoverlapping, or use only the integrat- 
ed chip-select circuitry. 


The 80C188 generates two control signals to be 
connected to ex1ernaltransceiver chips. This capa- 
bility allows the addition of transceivers for ex1ra 
buffering with<2!:Jtadd~external 
logic. These con- 


trol lines, DT/R and DEN, are generated to control 
the flow of data through the transceivers. The opera- 
tion of these signals is shown in Table 6. 


Table 6. Transceiver 
Control 
Signals Description 


Pin Name 
Function 


DEN (Data Enable) 
Enables the output 
drivers of the 
transceivers. It is active 
LOW during memory, 
I/O, or INTA cycles. 


DT/R (Data Transmit/ 
Determines the direction 


Receive) 
of travel through the 
transceivers. A HIGH 
level directs data away 
from the processor 
during write operations, 
while a LOW level directs 
data toward the 
processor during a read 
operation. 


The 80C188 uses a HOLD/HLDA system of local 
bus exchange. This provides an asynchronous bus 
exchange mechanism. This means multiple masters 
utilizing the same bus can operate at separate clock 
frequencies. The 80C188 provides a single HOLD/ 
HLDA pair through which all other bus masters may 
gain control of the local bus. This requires external 
circuitry to arbitrate which external device will gain 
control of the bus from the 80C188 when there is 
more than one alternate local bus master. When the 
80C188 relinquishes control of the local bus, it floats 
DEN, RD, WR, SO-52, LOCK, ADO-AD7, A8-A19, 
S7/RFSH, and DT/R to allow another master to 
drive these lines directly. 


The 80C188 HOLD latency time, i.e., the time be- 
tween HOLD request and HOLD acknowledge, is a 
function of the activity occurring in the processor 
when the HOLD request is received. A HOLD re- 
quest is the highest-priority activity request which 
the processor may receive: higher than instruction 
fetching or internal DMA cycles. However, if a DMA 
cycle is in progress, the 80C188 will complete the 
transfer before relinquishing the bus. This implies 
that if a HOLD request is received just as a DMA 
transfer begins, the HOLD latency time can be as 
great as 4 bus cycles. This will occur if a DMA word 
transfer operation is taking place from an odd ad- 


dress to an odd address. This is a total of 16 clocks 
or more, if WAIT states are required. In addition, if 
locked transfers are performed, the HOLD latency 
time will be increased by the length of the locked 
transfer. 


Upon receipt of a RESET pulse from the RES input, 
the local bus controller will perform the following ac- 
tion: 


• Drive DEN, RD, and WR HIGH for one clock cy- 


cle, then float. 


NOTE: 
RD is also provided with an internal pull-up device 
to prevent the processor from inadvertently enter- 
ing Queue Status mode during reset. 


• Drive SO-S2 to the passive state (all HIGH) and 


then float. 


• Drive LOCK HIGH and then float. 
• Float ADO-AD?, A8-A19, S?/RFSH, DTiR. 
• Drive ALE LOW (ALE is never floated). 


• Drive HLDA LOW. 


All the 80C188 integrated peripherals are controlled 
via 16-bit registers contained within an internal 
256-byte control block. This control block may be 
mapped into either memory or I/O space. Internal 
logic will recognize the address and respond to the 
bus cycle. During bus cycles to internal registers, the 
bus controller will signal the operation externally 
(Le., the RD, WR, status, address, data, etc., lines 
will be driven as in a normal bus cycle), but D15-0, 
SRDY, and ARDY will be ignored. The base address 
of the control block must be on an even 256-byte 
boundary (Le., the lower 8 bits of the base address 
are all zeros). All of the defined registers within this 
control block may be read or written by the 80C188 
CPU at any time. The location of any register con- 
tained within the 256-byte control block is deter- 
mined by the current base address of the control 
block. 


The control block base address is programmed via a 
16-bit relocation register contained within the control 
block at offset FEH from the base address of the 
control block (see Figure 9). It provides the upper 12 
bits of the base address of the control block. The 
control block is effectively an internal chip select 
range and must abide by all the rules concerning 
chip selects (the chip select circuitry is discussed 
later in this data sheet). Any access to the 256 bytes 
of the control block activates an internal chip select. 


Other chip selects may overlap the control block 
only if they are programmed to zero wait states and 
ignore external ready. In addition, bit 12 of this regis- 
ter determines whether the control block will be 
mapped into I/O or memory space. If this bit is 1, the 
control block will be located in memory space, 
whereas if the bit is 0, the control block will be locat- 
ed in I/O space. If the control register block is 
mapped into I/O space, the upper 4 bits of the base 
address must be programmed as 0 (since I/O ad- 
dresses are only 16 bits wide). 


In addition to providing relocation information for the 
control block, the relocation register contains bits 
which place the interrupt controller into slave mode. 
At RESET, the relocation register is set to 20FFH. 
This causes the control block to start at FFOOHin 
I/O space. An offset map of the 256-byte control 
register block is shown in Figure 10. 


The integrated 80C188 peripherals operate semi-au- 
tonomously from the CPU. Access to them for the 
most part is via software read/write of the control 
block. Most of these registers can be both read and 
written. A few dedicated lines, such as interrupts and 
DMA request provide real-time communication be- 
tween the CPU and peripherals as in a more con- 
ventional system utilizing discrete peripheral blocks. 
The overall interaction and function of the peripheral 
blocks has not substantially changed. 


CHIP-SELECT IREADY 
GENERATION 


LOGIC 


The 80C188 contains logic which provides program- 
mable chip-select generation for both memories and 
peripherals. In addition, it can be programmed to 
provide READY (or WAIT state) generation. It can 
also povide latched address bits A1 and A2. The 
chip-select lines are active for all memory and I/O 
cycles in their programmed areas, whether they be 
generated by the CPU or by the integrated DMA unit. 


Memory Chip Selects 


The 80C188 provides 6 memory chip select outputs 
for 3 address areas; upper memory, lower memory, 
and midrange memory. One each is provided for up- 
per memory and lower memory, while four are pro- 
vided for midrange memory. 


The range for each chip select is user-programma- 
ble and can be set to 2K, 4K, 8K, 16K, 32K, 64K, 
128K (plus 1K and 256K for upper and lower chip 
selects). In addition, the beginning or base address 


15 
14 
13 
12 
11 
10 
9 
6 
7 
6 
5 
4 
3 
2 
0 
OFFSET: 
FEH I 
X 
ISLAVE/MASTER! 
X 
IM/iol 
Relocation Address Bits R19-R6 


MilO = Register block located in Memory / I/O Space (1/0) 
SLAVE/MASTER = Configures interrupt controller for Slave/Master Mode (1/0) 


Relocation Register 


DMA Descriptors Channel 1 


DMA Descriptors Channel 0 


Chip-Select Control Registers 


Time 2 Control Registers 


Time 1 Control Registers 


Time 0 Control Registers 


Interrupt Controller Registers 


of the midrange memory chip select may also be 
selected. Only one chip select may be programmed 
to be active for any memory location at a time. All 
chip select sizes are in bytes, whereas 80C188 
memory is arranged in words. This means that if, for 
example, 16 64K x 1 memories are used, the memo- 
ry block size will be 128K, not 64K. 


Upper Memory CS 


The 80C188 provides a chip select, called UCS. for 
the top of memory. The top of memory is usually 
used as the system memory because after reset the 
80C188 
begins 
executing 
at 
memory 
location, 


FFFFOH. 


The upper limit of memory defined by this chip select 
is always FFFFFH, while the lower limit is program- 
mable. By programming the lower limit, the size of 
the select block is also defined. Table 7 shows the 
relationship between the base address selected and 
the size of the memory block obtained. 


Table 7. UMCS Programming 
Values 


Starting 
Memory 
UMCSValue 
Address 
{Base 
Block 
(Assuming 


Address) 
Size 
RO= R1 =R2=O) 


FFCOO 
1K 
FFF8H 


FF800 
2K 
FFB8H 


FFOOO 
4K 
FF38H 


FEOOO 
8K 
FE38H 


FCOOO 
16K 
FC38H 


F8000 
32K 
F838H 


FOOOO 
64K 
F038H 


EOOOO 
128K 
E038H 


cocoa 
256K 
C038H 


The lower limit of this memory block is defined in the 
UMCS register (see Figure 11). This register is at 
offset AOH in the internal control block. The legal 
values for bits 6-13 
and the resulting starting ad- 


dress and memory block sizes are given in Table 7. 
Any combination of bits 6-13 not shown in Table 7 
will result in undefined operation. After reset, the 
UMCS register is programmed for a 1K area. It must 
be reprogrammed if a larger upper memory area is 
desired. 


Any internally generated 20-bit address whose up- 
per 16 bits are greater than or equal to UMCS (with 
bits 0-5 "0") will cause UCS to be activated. UMCS 
bits R2-RO are used to specify READY mode for the 
area of memory defined by this chip-select register, 
as explained below. 


Lower Memory CS 


The 80C188 provides a chip select for low memory 
called LCS. The bottom of memory contains the in- 
terrupt vector table, starting at location OOOOOH. 
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The lower limit of memory defined by this chip select 
is always OH,while the upper limit is programmable. 
By programming the upper limit, the size of the 
memory block is also defined. Table 8 shows the 
relationship between the upper address selected 
and the size of the memory block obtained. 


Table 8. LMCS Programming Values 


Upper 
Memory 
LMCSValue 


Address 
Block 
(Assuming 


Size 
RO=R1=R2=O) 


003FFH 
1K 
0038H 


007FFH 
2K 
0078H 


OOFFFH 
4K 
00F8H 


01FFFH 
8K 
01F8H 


03FFFH 
16K 
03F8H 


07FFFH 
I 
32K 
07F8H 


OFFFFH 
64K 
OFF8H 


1FFFFH 
128K 
1FF8H 


3FFFFH 
256K 
3FF8H 


The upper limit of this memory block is defined in the 
LMCS register (see Figure 12). This register is at 
offset A2H in the internal control block. The legal 
values for bits 6-15 and the resulting upper address 
and memory block sizes are given in Table 8. Any 
combination of bits 6-15 not shown in Table 8 will 
result in undefined operation. After reset, the LMCS 
register value is undefined. However, the LCS chip- 
select line will not become active until the LMCS 
register is accessed. 


Any internally generated 20-bit address whose up- 
per 16 bits are less than or equal to LMCS (with bits 
0-5 "1") will cause LCS to be active. LMCS register 
bits R2-RO are used to specify the READY mode for 
the area of memory defined by this chip-select regis- 
ter. 


Mid-Range Memory CS 


The 80C188 provides four MCS lines which are ac- 
tive within a user-locatable memory block. This 
block can be located within the 80C188 1M byte 
memory address space exclusive of the areas de- 
fined 
by 
UCS and 
LCS. 
Both 
the 
base 
ad- 


dress and size of this memory block are programma- 
ble. 


The size of the memory block defined by the mid- 
range select lines, as shown in Table 9, is deter- 
mined by bits 8-14 of the MPCS register (see Figure 
13). This register is at location A8H in the internal 
control block. One and only one of bits 8-14 
must 


be set at a time. Unpredictable operation of the MCS 
lines will otherwise occur. Each of the four chip-se- 
lect lines is active for one of the four equal contigu- 
ous divisions of the mid-range block. Thus, if the to- 
tal block size is 32K, each chip select is active for 8K 
of memory with MCSObeing active for the first range 
and MCS3 being active for the last range. 


The EX and MS in MPCS relate to peripheral func- 
tionally as described in a later section. 


Table 9. MPCS Programming Values 


Total Block 
Individual 
MPCSBlts 


Size 
Select Size 
14-8 


8K 
2K 
00000018 


16K 
4K 
00000108 


32K 
8K 
00001008 


64K 
16K 
0001000B 


128K 
32K 
00100008 


256K 
64K 
0100000B 


512K 
128K 
10000008 


The base address of the mid-range memory block is 
defined by bits 15-9 of the MMCS register (see Fig- 
ure 14). This register is at offset A6H in the internal 
control 
block. 
These 
bits 
correspond 
to 
bits 


A19-A13 
of 
the 
20-bit 
memory 
address. 
Bits 


A12-AO of the base address are always O.The base 
address may be set at any integer multiple of the 
size of the total memory block selected. For exam- 
ple, if the mid-range block size is 32K (or the size of 
the block for which each MCS line is active is 8K), 
the block could be located at 10000H or 18000H, 
but not at 14000H, since the first few integer multi- 
ples of 
a 32K memory block 
are OH, 8000H, 


10000H, 18000H, etc. After reset, the contents of 
both of these registers is undefined. However, none 
of the MCS lines will be active until both the MMCS 
and MPCS registers are accessed. 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


OFFSET: 
AOH I 
1 I 
1 
U 
u I u 
u I u 
u I u I u 
1 
1 
1 I R2 I R1 I RO I 


A19 
A11 


Figure 11. UMCS Register 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


OFFSET: 
A2H I 
0 I 
0 
u 
u 
u I u I u 
u I u I u 
1 
1 
1 
R2 
I 
R1 
RO I 


A19 
A11 


Figure 12. LMCs Register 
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15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 


OFFSET: 
A8H I 
1 I M6 I M5 I M4 I M3 I M2 I M1 I MO I EX I MS I 
1 
1 


2 
1 
0 


I R2 I R1 I RO I 


15 
9 
3 
0 


OFFSET: 
A6H I u I u I u I u I u I u I u I 
1 I 
1 I 
1 I 
1 I 
1 
1 I R2 I R1 I RO I 
M9 
M3 


MMCS 
bits R2-RO 
specify 
READY 
mode of opera- 


tion for all mid-range 
chip selects. 
All devices 
in mid- 


range memory 
must use the same number 
of WAIT 


states. 


The 512K block size for the mid-range 
memory 
chip 


selects 
is a special 
case. 
When 
using 
512K, 
the 


base address 
would 
have to be at either 
locations 


OOOOOHor 80000H. 
If it were to be programmed 
at 


OOOOOHwhen the LCS line was programmed, 
there 


would be an internal 
conflict 
between 
the LCS ready 


generation 
logic and the MCS ready generation 
log- 
ic. Likewise, 
if the base address 
were programmed 


at 80000H, 
there 
would 
be a conflict 
with the UCS 


ready 
generation 
logic. 
Since 
the 
LCS chip-select 


line does not become active until programmed, 
while 


the UCS line is active at reset, the memory 
base can 


be set only at OOOOOH.If this base address 
is select- 


ed, 
however, 
the 
LCS 
range 
must 
not 
be 
pro- 


grammed. 


The 80C188 
can generate 
chip selects for up to sev- 
en peripheral 
devices. 
These chip selects 
are active 


for seven 
contiguous 
blocks 
of 128 bytes 
above 
a 


programmable 
base 
address. 
This 
base 
addrE1ss 


may be located 
in either memory 
or I/O space. 


Seven CS lines called PCSO-6 
are generated 
by the 


80C188. 
The 
base 
address 
is user-programmable; 


however 
it can only be a multiple 
of 1K bytes, 
Le., 


the least 
significant 
10 bits of the starting 
address 


are always O. 


PCS5 and PCS6 can also be programmed 
to provide 


latched 
address 
bits A 1, A2. If so programmed, 
they 


cannot 
be used as peripheral 
selects. 
These outputs 


can be connected 
directly 
to the AO, A 1 pins used 


for 
selecting 
internal 
registers 
of 
8-bit 
peripheral 


chips. This scheme 
simplifies 
the hardware 
interface 


because 
the 8-bit registers 
of peripherals 
are simply 


treated 
as 16-bit registers 
located 
on even bounda- 


ries in I/O space 
or memory 
space 
where 
only the 


lower 8-bits of the register 
are significant: 
the upper 


8-bits are "don't 
cares." 


The 
starting 
address 
of the 
peripheral 
chip-select 


block 
is defined 
by the 
PACS 
register 
(see Figure 


15). This register is located at offset A4H in the inter- 
nal control 
block. 
Bits 
15-6 
of this 
register 
corre- 


spond 
to 
bits 
19-10 
of the 
20-bit 
Programmable 


Base 
Address 
(PBA) 
of the 
peripheral 
chip-select 


block. Bits 9-0 
of the PBA of the peripheral 
chip-se- 


lect 
block 
are all zeros. 
If the chip-select 
block 
is 


located 
in 
I/O 
space, 
bits 
12-15 
must 
be 
pro- 


grammed 
zero, since the I/O address 
is only 16 bits 


wide. 
Table 
10 shows 
the 
address 
range 
of each 


peripheral 
chip select 
with respect 
to the PBA con- 


tained 
in PACS register. 


15 
6 
5 
3 
0 


OFFSET: 
A4H I u I u I u I u I u I u I u I u I u I u I 
1 I 
1 
1 I R2 I R1 I RO I 
M9 
MO 


The user should program 
bits 15-6 
to correspond 
to 


the desired 
peripheral 
base location. 
PACS bits 0-2 


are used to specify 
READY 
mode for PCSO-PCS3. 


Table 10. PCS Address 
Ranges 


PCS Line 
Active 
between 
Locations 


PCSO 
PBA 
-PBA+127 


PCS1 
PBA + 128-PBA 
+ 255 


PCS2 
PBA + 256-PBA 
+ 383 


PCS3 
PBA + 384-PBA 
+ 511 


PCS4 
PBA + 512-PBA 
+ 639 


PCS5 
PBA + 64o-PBA 
+ 767 


PCS6 
PBA + 768-PBA 
+ 895 


The mode of operation 
of the peripheral 
chip selects 


is defined 
by the MPCS register 
(which is also used 


to set the size of the mid-range 
memory 
chip-select 


block, see Figure 13). This register 
is located 
at off- 


set A8H in the internal 
control 
block. Bit 7 is used to 


select the function 
of PCS5 and PCS6, while bit 6 is 


used to select 
whether 
the peripheral 
chip 
selects 


are 
mapped 
into 
memory 
or I/O 
space. 
Table 
11 


describes 
the programming 
of these bits. After reset, 
the contents 
of both the MPCS and the PACS regis- 


ters are undefined, 
however 
none of the PCS lines 


will be active until both of the MPCS and PACS reg- 
isters are accessed. 


Bit 
Description 


MS 
1 = Peripherals 
mapped into memory space. 
o = Peripherals 
mapped into I/O space. 
EX 
o = 5 PCS lines. A 1, A2 provided. 
1 = 7 PCS lines. A 1, A2 are not provided. 


MPCS bits 0-2 
are used to specify READY mode for 


PCS4-PCS6 
as outlined 
below. 


READY Generation 
Logic 


The 80C188 
can generate 
a "READY" 
signal inter- 
nally for each of the memory 
or peripheral 
CS lines. 


The number 
of WAIT states to be inserted 
for each 


peripheral 
or memory 
is programmable 
to provide 


0-3 
wait 
states 
for 
all accesses 
to 
the 
area 
for 


which 
the 
chip 
select 
is active. 
In addition, 
the 


80C188 
may be programmed 
to either ignore exter- 


nal READY for each chip-select 
range individually 
or 


to factor 
external 
READY 
with the integrated 
ready 


generator. 


READY control 
consists 
of 3 bits for each CS line or 


group of lines generated 
by the 80C188. 
The inter- 


pretation 
of the ready bits is shown 
in Table 
12. 


R2 
R1 
RO 
Number 
of WAIT States Generated 


0 
0 
0 
o wait states, external 
ROY 


also used. 


0 
0 
1 
1 wait state inserted, 
external 
ROY 


also used. 


0 
1 
0 
2 wait states inserted, 
external 
ROY 


also used. 
0 
1 
1 
3 wait states inserted, 
external 
ROY 


also used. 


1 
0 
0 
o wait states, external 
ROY 


ignored. 
1 
0 
1 
1 wait state inserted, 
external 
ROY 


ignored. 


1 
1 
0 
2 wait states inserted, 
external 
ROY 


ignored. 
1 
1 
1 
3 wait states inserted, 
external 
ROY 


ignored. 


The 
internal 
ready 
generator 
operates 
in parallel 


with 
external 
READY, 
not 
in series 
if the 
external 


READY is used (R2 = 0). This means, for example, 
if the 
internal 
generator 
is set 
to 
insert 
two 
wait 


states, 
but activity 
on the external 
READY 
lines will 


insert four wait states, 
the processor 
will only insert 


four wait states, not six. This is because 
the two wait 


states 
generated 
by the 
internal 
generator 
over- 


lapped the first two wait states generated 
by the ex- 


ternal ready signal. Note that the external 
ARDY and 


SRDY 
lines 
are 
always 
ignored 
during 
cycles 
ac- 


cessing 
internal 
peripherals. 


R2-RO 
of each 
control 
word 
specifies 
the READY 


mode for the corresponding 
block, 
with the excep- 


tion of the peripheral 
chip selects: 
R2-RO 
of PACS 


set the PCSO-3 
READY mode, R2-RO 
of MPCS set 


the PCS4-6 
READY 
mode. 


Chip Select/Ready 
Logic and Reset 


Upon 
reset, 
the Chip-Select/Ready 
Logic 
will 
per- 


form the following 
(lctions: 


• 
All chip-select 
outputs 
will be driven 
HIGH. 


• 
Upon 
leaving 
RESET, 
the 
UCS line will be pro- 


grammed 
to provide 
chip selects 
to a 1K block 


with the accompanying 
READY control 
bits set at 


011 to allow the maximum 
number of internal wait 


states in conjunction 
with external 
Ready consid- 


eration 
(Le., UMCS resets to FFFBH). 


• 
No other 
chip select 
or READY 
control 
registers 


have any predefined 
values 
after 
RESET. 
They 


will 
not become 
active 
until the 
CPU accesses 


their control 
registers. 
Both the PACS and MPCS 


registers 
must be accessed 
before the PCS lines 


will become 
active. 


inter 


The 80C188 DMA controller provides two indepen- 
dent DMA channels. Data transfers can occur be- 
tween memory and I/O spaces (e.g., Memory to I/O) 
or within the same space (e.g., Memory to Memory 
or I/O to I/O). Each DMA channel maintains both a 
20-bit source and destination pointer which can be 
optionally incremented or decremented after each 
data transfer. Each data transfer consumes 2 bus 
cycles (a minimum of 8 clocks), one cycle to fetch 
data and the other to store data. 


Each channel has six registers in the control block 
which define each channel's specific operation. The 
control registers consist of a 20-bit Source pointer (2 
words), a 20-bit destination pointer (2 words), a 
16-bit Transfer Counter, and a 16-bit Control Word. 
The format of the DMA Control Blocks is shown in 
Table 13. The Transfer Count Register (TC) speci- 


fies the number of DMA transfers to be performed. 
Up to 64K byte or word transfers can be performed 
with automatic termination. The Control Word de- 
fines the channel's operation (see Figure 17). All 
registers may be modified or altered during any DMA 
activity. Any changes made to these registers will be 
reflected immediately in DMA operation. 


Register 
Name 
Register 
Address 


Ch.O 
Ch.1 


Control Word 
CAH 
DAH 


Transfer Count 
C8H 
D8H 


Destination Pointer (upper 4 
C6H 
D6H 


bits) 
Destination Pointer 
C4H 
D4H 


Source Pointer (upper 4 bits) 
C2H 
D2H 


Source Pointer 
COH 
DOH 


OMA 
CONTROL 
LOGIC 


Mf 
DESTINATION 
Mf 
SOURCE 


iO 
DEC 
INC 
iO 
DEC 
INC 
X = DON'T CARE. 


Each 
DMA 
Channel 
Control 
Word 
determines 
the 


mode 
of operation 
for the particular 
80C188 
DMA 


channel. 
This register 
specifies: 


• 
the mode of synchronization; 


• 
whether 
interrupts 
will be generated 
after the last 


transfer; 


• 
whether 
DMA 
activity 
will 
cease 
after 
a 
pro- 


grammed 
number of DMA cycles; 


• 
the relative 
priority 
of the DMA channel 
with re- 


spect to the other 
DMA channel; 


• 
whether 
the source 
pointer 
will be incremented, 
decremented, 
or maintained 
constant 
after each 


transfer; 


• 
whether 
the source pointer addresses 
memory or 


1/0 space; 


• 
whether 
the destination 
pointer will be increment- 


ed, 
decremented, 
or maintained 
constant 
after 


each transfer; 
and 


• 
whether 
the 
destination 
pointer 
will 
address 


memory 
or I/O space. 


The DMA channel 
control 
registers 
may be changed 


while the channel 
is operating. 
However, 
any chang- 
es made during operation 
will affect the current DMA 


transfer. 


DMA Control Word Bit Descriptions 


ST ISTOP: 
Startl stop (1/0) 
Channel. 


CHGINOCHG: 
Change/Do 
not 
change 
(1/0) 


ST ISTOP 
bit. If this bit is set when 


writi~ 
the 
control 
word, 
the 


ST ISTOP 
bit will be programmed 


by the write to the control 
word. 
If 


this bit is cleared 
when writing the 


control 
word, the ST ISTOP 
bit will 


not 
be 
altered. 
This 
bit 
is 
not 


stored; 
it will 
always 
be 
a 0 on 


read. 


INT: 
Enable 
Interrupts 
to 
CPU 
on 


Transfer 
Count termination. 


TC: 
If set, 
DMA 
will 
terminate 
when 


the contents 
of the Transfer 
Count 


register 
reach zero. The ST ISTOP 


bit will also be reset at this point if 
TC is set. If this bit is cleared, 
the 


DMA unit will decrement 
the trans- 


fer 
count 
register 
for 
each 
DMA 


cycle, 
but 
the 
DMA 
transfer 
will 


not stop when the contents 
of the 


TC register 
reach zero. 


00 No synchronization. 


NOTE: 


When 
unsynchronized 
transfers 


are specified, 
the TC bit will be ig- 


nored 
and 
the 
ST 
bit 
will 
be 


cleared 
upon 
the 
transfer 
count 


reaching 
zero, stopping 
the chan- 


nel. 


(2 bits) 
01 Source 
synchronization. 


10 Destination 
synchronization. 


11 Unused. 


SOURCE:INC 
Increment 
source 
pointer 
by 1 af- 


ter each trar.lsfer. 


MilO 
Source 
pointer 
is in MilO 
space 


(1/0). 


DEC Decrement 
source 
pointer 
by 1 af- 


ter each transfer. 


DEST: 
INC Increment 
destination 
pointer 
by 1 


after each transfer. 


MilO 
Destination 
pointer 
is 
in 
MilO 


space (1/0). 


DEC Decrement 
destination 
pointer 
by 


1 after each transfer. 


P 
Channel 
priority-relative 
to other 


channel. 
o low priority. 


1 high priority. 


Channels 
will 
alternate 
cycles 
if 


both set at same priority 
level. 


TDRQ 
0: Disable DMA requests 
from tim- 


er 2. 


1: Enable DMA requests 
from tim- 


er 2. 


Bit 3 
Bit 3 is not used. 


inter 


If both 
INC and 
DEC 
are 
specified 
for 
the 
same 


pointer, 
the pointer 
will remain 
constant 
after 
each 


cycle. 


DMA Destination 
and Source Pointer 


Registers 


Each DMA channel 
maintains 
a 20-bit source 
and a 


20-bit 
destination 
pointer. 
Each 
of these 
pointers 


takes 
up two 
full 
16-bit 
registers 
in the 
peripheral 


control 
block. The lower four bits of the upper regis- 


ter contain 
the upper four bits of the 20-bit physical 


address 
(see Figure 18). These pointers 
may be indi- 
vidually 
incremented 
or 
decremented 
after 
each 


transfer. 
Each pointer 
may point into either memory 


or I/O space. Since the DMA channels 
can perform 


transfers 
to or from 
odd addresses, 
there 
is no re- 


striction 
on values 
for the pointer 
registers. 
Higher 


transfer 
rates can be obtained 
if all word transfers 


are performed 
to even addresses, 
since this will al- 
low data to be accessed 
in a single memory 
access. 


Each DMA channel 
maintains 
a 16-bit transfer 
count 


register 
(TC). This register 
is decremented 
after ev- 
ery DMA cycle, regardless 
of the state of the TC bit 


in the DMA Control 
Register. 
If the TC bit in the DMA 


control 
word is set or if unsynchronized 
transfers 
are 


programmed, 
however, 
DMA 
activity 
will terminate 


when the transfer 
count register 
reaches 
zero. 


Data transfers 
may be either 
source 
or destination 


synchronized, 
that is either the source of the data or 


the 
destination 
of the 
data 
may 
request 
the 
data 


transfer. 
In addition, 
DMA transfers 
may be unsyn- 


chronized; 
that is, the transfer 
will take place contin- 


ually until the correct 
number 
of transfers 
has oc- 


curred. 
When 
source 
or unsynchronized 
transfers 


are performed, 
the DMA channel 
may begin another 


transfer 
immediately 
after 
the 
end 
of 
a previous 


DMA 
transfer. 
This 
allows 
a complete 
transfer 
to 


take place every 2 bus cycles 
or eight clock 
cycles 


(assuming 
no wait 
states). 
No 
prefetching 
occurs 


when destination 
synchronization 
is performed, 
how- 


ever. Data will not be fetched 
from 
the source 
ad- 


dress 
until the destination 
device 
signals 
that 
it is 


ready to receive 
it. When 
destination 
synchronized 


transfers 
are requested, 
the DMA controller 
will re- 


linquish control 
of the bus after every transfer. 
If no 


other bus activity 
is initiated, 
another 
DMA cycle will 


begin 
after 
two 
processor 
clocks. 
This 
is done 
to 


allow 
the destination 
device 
time to remove 
its re- 


quest 
if another 
transfer 
is not desired. 
Since 
the 


DMA controller 
will relinquish 
the bus, the CPU can 


initiate a bus cycle. As a result, a complete 
bus cycle 


will often 
be inserted 
between 
destination 
synchro- 


nized transfers. 
These 
lead to the 
maximum 
DMA 


transfer 
rates shown 
in Table 
14. 


Table 
14. Maximum 
DMA 


Transfer 
Rates at 16 MHz 


Type of 
Synchronization 
CPU Running 
CPU Halted 


Selected 


Unsynchronized 
2.0 MBytes/sec 
2.0 MBytes/sec 


Source Synch 
2.0 MBytes/sec 
2.0 MBytes/sec 


Destination Synch 
1.3 MBytes/sec 
1.6 MBytes/sec 


HIGHER 
REGISTER 
ADDRESS 


LOWER 


REGISTER 
ADDRESS 


xxx 
xxx 
XXX 
A19-A16 


A15-A12 
A11-AS 
A7-A4 
A3-AO 


No explicit DMA acknowledge pulse is provided. 
Since both source and destination pointers are 
maintained, a read from .a requesting source, or a 
write to a requesting destination, should be used as 
the DMA acknowledge signal. Since the chip-select 
lines can be programmed to be active for a given 
block of memory or I/O space, and the DMA point- 
ers can be programmed to point to the same given 
block, a chip-select line could be used to indicate a 
DMA acknowledge. 


DMA Priority 


The DMA channels may be programmed such that 
one channel is always given priority over the other, 
or they may be programmed such as to alternate 
cycles when both have DMA requests pending. DMA 
cycles always have priority over internal CPU cycles 
except between locked memory accesses; however, 
an external bus hold takes priority over an internal 
DMA cycle. Because an interrupt request cannot 
suspend a DMA operation and the CPU cannot ac- 
cess memory during a DMA cycle, interrupt latency 
time will suffer during sequences of continuous DMA 
cycles. An NMI request, however, will cause all inter- 
nal DMA activity to halt. This allows the CPU to 
quickly respond to the NMI request. 


DMA Programming 


DMA cycles will occur whenever the ST/STOP bit of 
the Control Register is set. If synchronized transfers 


MAX COUNT 
VALUE 
A 


MAX COUNT 
VAWE 
B 


MODE/CONTROL 
WORD 


are programmed, a DRO must also have been gen- 
erated. Therefore the source and destination trans- 
fer pointers, and the transfer count register (if used) 
must be programmed before this bit is set. 


Each DMA register may be modified while the chan- 
nel is operating. If the CHGINOCHG bit is cleared 
when the control register is written, the ST/STOP bit 
of the control register will not be modified by the 
write. If multiple channel registers are modified, it is 
recommended that a LOCKED string transfer be 
used to prevent a DMA transfer from occurring be- 
tween updates to the channel registers. 


Upon RESET, the DMA channels will perform the 
following actions: 


• The Start/Stop bit for each channel will be reset 


to STOP. 
• Any transfer in progress is aborted. 


The 80C188 provides three internal 16-bit program- 
mable timers (see Figure 19). Two of these are high- 
ly flexible and are connected to four external pins (2 
per timer). They can be used to count external 
events, time external events, generate nonrepetitive 
waveforms, etc. The third timer is not connected to 
any external pins, and is useful for real-time coding 
and time delay applications. In addition, this third 
timer can be used as a prescaler to the other two, or 
as a DMA request source. 


inter 


The timers are controlled by 11 16-bit registers in 
the internal peripheral control block. The configura- 
tion of these registers is shown in Table 15. The 
count register contains the current value of the tim- 
er. It can be read or written at any time independent 
of whether the timer is running or not. The value of 
this register will be incremented for each timer 
event. Each of the timers is equipped with a MAX 
COUNT register, which defines the maximum count 
the timer will reach. After reaching the MAX COUNT 
register value, the timer count value will reset to zero 
during that same clock, i.e., the maximum count val- 
ue is never stored in the count register itself. Timers 
o and 1 are, in addition, equipped with a second 
MAX COUNT register, which enables the timers to 
alternate their count between two different MAX 
COUNT values programmed by the user. If a single 
MAX COUNT register is used, the timer output pin 
will switch LOW for a single clock, 1 clock after the 
maximum count value has been reached. In the dual 
MAX COUNT register mode, the output pin will indi- 
cate which MAX COUNT register is currently in use, 
thus allowing nearly complete freedom in selecting 
waveform duty cycles. For the timers with two MAX 
COUNT registers, the RIU bit in the control register 
determines which is used for the comparison. 


Each timer gets serviced every fourth CPU-clock cy- 
cle, and thus can operate at speeds up to one-quar- 
ter the internal clock frequency (one-eighth the crys- 
tal rate). External clocking of the timers may be done 
at up to a rate of one-quarter of the internal CPU- 
clock rate. Due to internal synchronization and pipe- 
lining of the timer circuitry, a timer output may take 
up to 6 clocks to respond to any individual clock or 
gate input. 


Since the count registers and the maximum count 
registers are all 16 bits wide, 16 bits of resolution are 
provided. Any Read or Write access to the timers will 
add one wait state to the minimum four-clock bus 
cycle, however. This is needed to synchronize and 
coordinate the internal data flows between the inter- 
nal timers and the internal bus. 


The timers have several programmable options. 


• All three timers can be set to halt or continue on 


a terminal count. 


• Timers 0 and 1 can select between internal and 


external clocks, alternate between MAX COUNT 
registers and be set to retrigger on external 
events. 
• The timers may be programmed to cause an in- 


terrupt on terminal count. 


These options are selectable via the timer model 
control word. 


The mode/control 
register (see Figure 20) allows 


the user to program the specific mode of operation 
or check the current programmed status for any of 
the three integrated timers. 


Table 15. Timer Control 
Block Format 


Register 
Name 
Register 
Offset 


Tmr.O 
Tmr.1 
Tmr.2 


Mode/Control Word 
56H 
5EH 
66H 


Max Count B 
54H 
5CH 
not present 


Max Count A 
52H 
5AH 
62H 


Count Register 
50H 
58H 
60H 


1 
0 


ALT 
I CONT I 


inter 


The ALT bit determines which of two MAX COUNT 
registers is used for count comparison. If ALT = 0, 
register A for that timer is always used, while if ALT 
= 1, the comparison will alternate between register 
A and register B when each maximum count is 
reached. This alternation allows the user to change 
one MAX COUNT register while the other is being 
used, and thus provides a method of generating 
non-repetitive waveforms. Square waves and pulse 
outputs of any duty cycle are a subset of available 
signals obtained by not changing the final count reg- 
isters. The ALT bit also determines the function of 
the timer output pin. If ALT is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count is reached. If ALT is one, the output pin will 
reflect the current MAX COUNT register being used 
(0/1 for B/ A). 


Setting the CaNT bit causes the associated timer to 
run continuously, while resetting it causes the timer 
to halt upon maximum count. If COUNT = ° and 
ALT = 1, the timer will count to the MAX COUNT 
register A value, reset, count to the register B value, 
reset, and halt. 


The external bit selects between internal and exter- 
nal clocking for the timer. The external signal may 
be asynchronous with respect to the 80C188 clock. 
If this bit is set, the timer will count LOW-to-HIGH 
transitions on the input pin. If cleared, it will count an 
internal clock while using the input pin for control. In 
this mode, the function of the external pin is defined 
by the RTG bit. The maximum input to output tran- 
sition latency time may be as much as 6 clocks. 
However, clock inputs may be pipelined as closely 
together as every 4 clocks without losing clock puls- 
es. 


The prescaler bit is ignored unless internal clocking 
has been selected (EXT = 0). If the P bit is a zero, 
the timer will count at one-fourth the internal CPU 
clock rate. If the P bit is a one, the output of timer 2 
will be used as a clock for the timer. Note that the 
user must initialize and start timer 2 to obtain the 
prescaled clock. 


Retrigger bit is only active for internal clocking (EXT 
= 0). In this case it determines the control function 
provided by the input pin. 


If RTG = 0, the input level gates the internal clock 
on and off. If the input pin is HIGH, the timer will 
count; if the input pin is LOW, the timer will hold its 
value. As indicated previously, the input signal may 
be asynchronous with respect to the 80C188 clock. 


When RTG = 1, the input pin detects LOW-to-HIGH 
transitions. The first such transition starts the timer 
running, clearing the timer value to zero on the first 
clock, and then incrementing thereafter. 
Further 


transitions on the input pin will again reset the timer 
to zero, from which it will start counting up again. If 
CaNT = 0, when the timer has reached maximum 
count, the EN bit will be cleared, inhibiting further 
timer activity. 


The enable bit provides programmer control over 
the timer's RUN/HALT status. When set, the timer is 
enabled to increment subject to the input pin con- 
straints in the internal clock mode (discussed previ- 
ously). When cleared, the timer will be inhibited from 
counting. All input pin transistions during the time EN 
is zero will be ignored. If CaNT is zero, the EN bit is 
automatically cleared upon maximum count. 


The inhibit bit allows for selective updating of the 
enable (EN) bit. If INH is a one during the write to the 
mode/control word, then the state of the EN bit will 
be modified by the write. If INH is a zero during the 
write, the EN bit will be unaffected by the operation. 
This bit is not stored; it will always be a° on a read. 


When set, the INT bit enables interrupts from the 
timer, which will be generated on every terminal 
count. If the timer is configured in dual MAX COUNT 
register mode, an interrupt will be generated each 
time the value in MAX COUNT register A is reached, 
and each time the value in MAX COUNT register B is 
reached. If this enable bit is cleared after the inter- 
rupt request has been generated, but before a pend- 
ing interrupt is serviced, the interrupt request will still 
be in force. (The request is latched in the Interrupt 
Controller). 


The Maximum Count bit is set whenever the timer 
reaches its final maximum count value. If the timer is 
configured in dual MAX COUNT register mode, this 
bit will be set each time the value in MAX COUNT 
register A is reached, and each time the value in 
MAX COUNT register B is reached. This bit is set 


inter 


regardless of the timer's interrupt-enable bit. The 
MC bit gives the user the ability to monitor timer 
status through software instead of through inter- 
rupts. 


The 
Register 
In Use bit 
indicates which 
MAX 


COUNT register is currently being used for compari- 
son to the timer count value. A zero value indicates 
register A. The RIU bit cannot be written, i.e., its 
value is not affected when the control register is writ- 
ten. It is always cleared when the ALT bit is zero. 


Not all mode bits are provided for timer 2. Certain 
bits are hardwired as indicated below: 


Each of the three timers has a 16-bit count register. 
The current contents of this register may be read or 
written by the processor at any time. If the register is 
written into while the timer is counting,the new value 
will take effect in the current count cycle. 


Max Count Registers 


Timers 0 and 1 have two MAX COUNT registers, 
while timer 2 has a single MAX COUNT register. 
These contain the number of events the timer will 
count. In timers 0 and 1, the MAX COUNT register 
used can alternate between the two max count val- 
ues 
whenever 
the 
current 
maximum count 
is 


reached. The condition which causes a timer to re- 
set is equivalent between the current count value 
and the max count being used. This means that if 
the count is changed to be above the max count 
value, or if the max count value is changed to be 
below the current value, the timer will not reset to 
zero, but rather will count to its maximum value, 
"wrap around" to zero, then count until the max 
count is reached. 


Upon RESET, the Timers will perform the following 
actions: 


• All EN (Enable) bits are reset preventing timer 


counting. 


• All SEL (Select) bits are reset to zero. This se- 


lects MAX COUNT register A, resulting in the 
Timer Out pins going HIGH upon RESET. 


The 80C188 can receive interrupts from a number of 
sources, both internal and external. The internal in- 
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 


Internal interrupt sources (Timers and DMA chan- 
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
80C188 interrupt controller has its own control regis- 
ter that set the mode of operation for the controller. 


The interrupt controller will resolve priority among 
requests that are pending simultaneously. Nesting is 
provided so interrupt service routines for lower priori- 
ty interrupts may themselves be interrupted by high- 
er priority interrupts. A block diagram of the interrupt 
controller is shown in Figure 21. 


The 80C188 has a special slave mode in which the 
internal interrupt controller acts as a slave to an ex- 
ternal master. The controller is programmed into this 
mode by setting bit 14 in the peripheral control block 
relocation register. (See Slave Mode section.) 


For external interrupt sources, five dedicated pins 
are provided. One of these pins is dedicated to NMI, 
non-maskable interrupt. This is typically used for 
power-fail interrupts, etc. The other four pins may 
function either as four interrupt input lines with inter- 
nally generated interrupt vectors, as an interrupt line 
and an interrupt acknowledge line (called the "cas- 
cade mode") along with two other input lines with 
internally generated interrupt vectors, or as two in- 
terrupt input lines and two dedicated interrupt ac- 
knowledge output lines. When the interrupt lines are 
configured in cascade mode, the 80C188 interrupt 
controller will not generate internal interrupt vectors. 


External sources in the cascade mode use external- 
ly generated interrupt vectors. When an interrupt is 
acknowledged, two INTA cycles are initiated and the 
vector is read into the 80C188 on the second cycle. 
The capability to interface to external 82C59A pro- 
grammable interrupt controllers is thus provided 
when the inputs are configured in cascade mode. 


Interrupt 
Controller 
Modes of 


Operation 


The basic modes of operation of the interrupt con- 
troller in master mode are similar to the 82C59A. 
The interrupt controller responds indentically to in- 
ternal interrupts in all three modes: the difference is 
only in the interpretation of function of the four exter- 
nal interrupt pins. The interrupt controller is set into 
one of these three modes by programming the cor- 
rect bits in the INTOand INT1 control registers. The 
modes of interrupt controller operation are as fol- 
lows: 


FuUy Nested 
Mode 


When in the fully nested mode four pins are used as 
direct interrupt requests as in Figure 22. The vectors 
for these four inputs are generated internally. An in- 
service bit is provided for every interrupt source. If a 
lower-priority device requests an interrupt while the 
in service bit (IS) is set, no interrupt will be generat- 
ed by the interrupt controller. In addition, if another 
interrupt request occurs from the same interrupt 
source while the in-service bit is set, no interrupt will 
be generated by the interrupt controller. This allows 
interrupt service routines to operate with interrupts 
enabled without being themselves interrupted by 
lower-priority interrupts. Since interrupts are en- 
abled, higher-priority interrupts will be serviced. 


When a service routine is completed, the proper IS 
bit must be reset by writing the proper pattern to the 
EOI register. This is required to allow subsequent 
interrupts from this interrupt source and to allow 
servicing of lower-priority interrupts. An EOI com- 


mand ISIssued at the end of the service routine just 
before the issuance of the return from interrupt in- 
struction. If the fully nested structure has been up- 
held, the next highest-priority source with its IS bit 
set is then serviced. 


Cascade 
Mode 


The 80C188 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the 
four pins are used as direct interrupt inputs and the 
corresponding vectors are generated internally. In 
the cascade mode, the four pins are configured into 
interrupt input-dedicated acknowledge signal pairs. 
The interconnection is shown in Figure 23. INTO is 
an interrupt input interfaced to an 82C59A, while 
INT2/INTAO serves as the dedicated interrupt ac- 
knowledge signal to that peripheral. The same is 
true for INT1 and INT3/INTA1. Each pair can selec- 
tively be placed in the cascade or non-cascade 
mode by programming the proper value into INTO 
and INT1 control registers. The use of the dedicated 
acknowledge signals eliminates the need for the use 
of external logic to generate INTA and device select 
signals. 


The primary cascade mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 82C59As. 
Three levels of priority are created, requiring priority 
resolution in the 80C188 interrupt controller, the 
master 82C59As, and the slave 82C59As. If an ex- 
ternal interrupt is serviced, one IS bit is set at each 
of these levels. When the interrupt service routine is 
completed, up to three end-of-interrupt commands 
must be issued by the programmer. 
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Figure 22. FUlly Nested 
(Direct) 
Mode 


Interrupt 
Controller 
Connections 


Special 
Fully Nested 
Mode 


This 
mode 
is entered 
by setting 
the 
SFNM 
bit in 


INTO or INT1 control 
register. 
It enables 
complete 


nestability 
with external 
82C59A 
masters. 
Normally, 


an interrupt 
request 
from an interrupt 
source will not 


be 
recognized 
unless 
the 
in-service 
bit 
for 
that 


source 
is reset. If more than one interrupt 
source 
is 


connected 
to an external 
interrupt 
controller, 
all of 


the 
interrupts 
will 
be funneled 
through 
the 
same 


80C188 
interrupt 
request 
pin. As a result, 
if the ex- 


ternal 
interrupt 
controller 
receives 
a higher-priority 


interrupt, 
its interrupt 
will not be recognized 
by the 


80C188 
controller 
until the 80C188 
in-service 
bit is 


reset. 
In special 
fully nested 
mode, the 80C188 
in- 


terrupt 
controller 
will allow 
interrupts 
from an exter- 


nal pin regardless 
of the state of the in-service 
bit for 


an interrupt 
source 
in order 
to allow 
multiple 
inter- 
rupts from a single pin. An in-service 
bit will continue 


to be set, however, 
to inhibit 
interrupts 
from 
other 


lower-priority 
80C188 
interrupt 
sources. 


Special 
procedures 
should 
be followed 
when reset- 


ting IS bits at the end of interrupt 
service 
routines. 
Software 
polling 
of the external 
master's 
IS register 


is required 
to determine 
if there is more than one bit 


set. If so, the IS bit in the 80C188 remains active and 
the next interrupt 
service 
routine 
is entered. 


The controller 
may be used in a polled mode if inter- 


rupts are undesirable. 
When 
polling, 
the processor 


disables 
interrupts 
and then polls the interrupt 
con- 


troller whenever 
it is convenient. 
Polling the interrupt 


controller 
is accomplished 
by reading 
the Poll Word 


(Figure 
32). Bit 15 in the poll word 
indicates 
to the 


processor 
that an interrupt 
of high enough 
priority is 


requesting 
service. 
Bits 0-4 
indicate 
to the proces- 


sor the type vector 
of the highest-priority 
source 
re- 


questing 
service. 
Reading 
the Poll Word causes the 


In-Service 
bit of the highest priority source to be set. 


It is desirable 
to be able to read the Poll Word infor- 
mation without 
guaranteeing 
service 
of any pending 
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80C188 
provides 
a Poll Status 
Word 
in addition 
to 


the conventional 
Poll Word to allow this to be done. 


Poll Word information 
is duplicated 
in the Poll Status 


Word, but reading the Poll Status Word does not set 
the associated 
in-service 
bit. These words are locat- 


ed in two adjacent 
memory 
locations 
in the register 


file. 


Programmable 
Priority 


The user can program 
the interrupt 
sources 
into any 


of eight different 
priority 
levels. The programming 
is 


done by placing a 3-bit priority level (0-7) 
in the con- 


trol register 
of each interrupt 
source. 
(A source 
with 


a priority level of 4 has higher priority over all priority 
levels from 5 to 7. Priority registers 
containing 
values 


lower 
than 
4 
have 
greater 
priority). 
All 
interrupt 


sources 
have preprogrammed 
default 
priority 
levels 


(see Table 4). 


If two requests 
with the same 
programmed 
priority 


level 
are 
pending 
at 
once, 
the 
priority 
ordering 


scheme 
shown 
in Table 
4' is used. 
If the serviced 


interrupt 
routine 
reenables 
interrupts, 
it allows 
other 


requests 
to be serviced. 


End-of-Interrupt 
Command 


The end-of-interrupt 
(EOI) command 
is used by the 


programmer 
to reset the In-Service 
(IS) bit when an 


interrupt 
service 
routine is completed. 
The EOI com- 


mand is issued 
by writing 
the proper 
pattern 
to the 


EOI register. There are two types of EOI commands, 
specific 
and nonspecific. 
The nonspecific 
command 


does not specify which 
IS bit is reset. When issued, 


the interrupt 
controller 
automatically 
resets the IS bit 


of the highest 
priority 
source 
with an active 
service 


routine. 
A specific 
EOI command 
requires 
that 
the 


programmer 
send the interrupt 
vector 
type to the in- 


terrupt 
controller 
indicating 
which 
source's 
IS bit is 


to be reset. 
This command 
is used when 
the fully 


nested 
structure 
has been disturbed 
or the highest 


priority 
IS bit that was set does 
not belong 
to the 


service 
routine 
in progress. 


Trigger 
Mode 


The four external 
interrupt 
pins can be programmed 


in either 
edge- 
or level-trigger 
mode. 
The 
control 


register 
for each external 
source 
has a level-trigger 


mode (LTM) bit. All interrupt 
inputs are active HIGH. 


In the edge sense 
mode or the level-trigger 
mode, 


the interrupt 
request 
must remain active (HIGH) until 


the 
interrupt 
request 
is 
acknowledged 
by 
the 


sa 
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80C188 
CPU. In the edge-sense 
mode, 
if the level 


remains high after the interrupt 
is acknowledged, 
the 


input is disabled 
and no further 
requests 
will be gen- 
erated. The input level must go LOW for at least one 
clock cycle to reenable 
the input. In the level-trigger 


mode, no such provision 
is made: holding 
the inter- 
rupt input 
HIGH will cause 
continuous 
interrupt 
re- 


quests. 


Interrupt 
Vectoring 


The 80C186 
Interrupt 
Controller 
will generate 
inter- 


rupt vectors 
for the integrated 
OMA channels 
and 


the integrated 
Timers. 
In addition, 
the Interrupt 
Con- 
troller will generate 
interrupt 
vectors 
for the external 


interrupt 
lines if they are not configured 
in Cascade 


or Special 
Fully Nested 
Mode. The interrupt 
vectors 


generated 
are fixed and cannot 
be changed 
(see Ta- 
ble 4). 


The Interrupt 
Controller 
register 
model 
is shown 
in 


Figure 24. It contains 
15 registers. 
All registers 
can 


both be read or written 
unless specified 
otherwise. 


In-Service 
Register 


This register 
can be read from 
or written 
into. The 


format 
is shown in Figure 25. It contains 
the In-Serv- 


ice bit for each of the interrupt 
sources. 
The In-Serv- 
ice bit is set to indicate 
that a source's 
service 
rou- 
tine is in progress. 
When an In-Service 
bit is set, the 


interrupt 
controller 
will not generate 
interrupts 
to the 


CPU when it receives 
interrupt 
requests 
from devic- 


es with a lower programmed 
priority level. The TMR 


bit is the 
In-Service 
bit for all three 
timers; 
the DO 


and 01 bits are the In-Service 
bits for the two OMA 


channels; 
the 
10-13 are the 
In-Service 
bits for the 


external 
interrupt 
pins. The 
IS bit is set when 
the 


processor 
acknowledges 
an interrupt 
request 
either 


by an interrupt 
acknowledge 
or by reading 
the poll 


register. The IS bit is reset at the end of the interrupt 
service 
routine 
by an end-of-interrupt 
command 
is- 


sued by the CPU. 


Interrupt 
Request 
Register 


The internal 
interrupt 
sources 
have interrupt 
request 


bits inside the interrupt 
controller. 
The format 
of this 


register is shown in Figure 25. A read from this regis- 
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt 
requests. 
DO and 01 


are the interrupt 
request 
bits for the OMA channels. 


The state of the external 
interrupt 
input pins is also 


indicated. 
The state of the external 
interrupt 
pins is 


not a stored condition 
inside the interrupt 
controller, 


therefore 
the external 
interrupt 
bits cannot 
be writ- 


ten. The external 
interrupt 
request 
bits show exactly 


when 
an interrupt 
request 
is given 
to the 
interrupt 


controller, 
so if edge-triggered 
mode is selected, 
the 


bit in the register will be HIGH only after an inactive- 
to-active 
transition. 
For 
internal 
interrupt 
sources, 


the register 
bits are set when a request 
arrives 
and 


are reset when the processor 
acknowledges 
the re- 


quests. 


Writes to the interrupt 
request 
register will affect the 


DO and 01 
interrupt 
request 
bits. Setting 
either 
bit 


will cause the corresponding 
interrupt 
request 
while 


clearing 
either bit will remove 
the corresponding 
in- 


terrupt request. 
All other bits in the register are read- 


only. 


Mask Register 


This is a 16-bit register 
that contains 
a mask bit for 


each interrupt 
source. 
The format 
for this register 
is 


shown 
in Figure 
25. A one 
in a bit position 
corre- 


inter 


sponding 
to a particular 
source 
serves 
to mask the 


source 
from generating 
interrupts. 
These 
mask bits 


are the exact same bits which 
are used in the indi- 


vidual control 
registers; 
programming 
a mask bit us- 


ing the mask register 
will also change 
this bit in the 


individual 
control 
registers, 
and vice versa. 
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REGISTER 


INT2 CONTROL 
REGISTER 


INT1 CONTROL 
REGISTER 


INTO CONTROL 
REGISTER 
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CONTROL 
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INTERRUPT 
STATUS 
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INTERRUPT 
REQUEST 
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IN-SERVICE 
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MASK 
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Figure 
24. Interrupt 
Controller 
Registers 


(Master 
Mode) 
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Priority 
Mask Register 


This register is used to mask all interrupts 
below par- 


ticular interrupt 
priority levels. The format 
of this reg- 


ister is shown 
in Figure 
26. The code 
in the 
lower 


three bits of this register 
inhibits interrupts 
of priority 


lower (a higher priority number) than the code speci- 
fied. 
For 
example, 
100 
written 
into 
this 
register 


masks 
interrupts 
of level five 
(101), 
six (110), 
and 


seven 
(111). 
The 
register 
is reset 
to seven 
(111) 


upon 
RESET 
so no interrupts 
are masked 
due 
to 


priority 
number. 


This 
register 
contains 
general 
interrupt 
controller 


status 
information. 
The 
format 
of 
this 
register 
is 


shown 
in Figure 
27. The bits in the status 
register 


have the following 
functions: 


DHL T: DMA 
Halt Transfer; 
setting 
this 
bit halts 
all 


DMA transfers. 
It is automatically 
set when- 


ever a non-maskable 
interrupt 
occurs, 
and it 


is reset when 
an IRET instruction 
is execut- 


ed. The purpose 
of this bit is to allow prompt 


service 
of all non-maskable 
interrupts. 
This 


bit may also be set by the programmer. 


IRTx: 
These three bits represent 
the individual 
tim- 


er interrupt 
request 
bits. These 
bits are used 


to differentiate 
the timer interrupts, 
since the 


timer IR bit in the interrupt 
request 
register 
is 


the 
"OR" 
function 
of all timer 
interrupt 
re- 


quest. 
Note 
that 
setting 
anyone 
of these 


three bits initiates 
an interrupt 
request 
to the 


interrupt 
controller. 
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Figure 
26. Priority 
Mask Register 
Format 
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Figure 
27. Interrupt 
Status 
Register 
Format 
(Master 
Mode) 
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Figure 28. Tlmer/DMA 
Control 
Registers 
Formats 
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Figure 29. INTO/INn 
Control 
Register 
Formats 
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Figure 30. INT2/1NT3 
Control 
Register 
Formats 


These registers are the control words for all the in- 
ternal interrupt sources. The format for these regis- 
ters is shown in Figure 28. The three bit positions 
PRO,PR1, and PR2 represent the programmable pri- 
ority level of the interrupt source. The MSK bit inhib- 
its interrupt requests from the interrupt source. The 
MSK bits in the individual control registers are the 
exact same bits as are in the Mask Register; modify- 
ing them in the individual control registers will also 
modify them in the Mask Register, and vice versa. 


INTO-INT3 
Control 
Registers 


These registers are the control words for the four 
external input pins. Figure 29 shows the format of 
the INTO and INT1 Control registers; Figure 30 
shows the format of the INT2 and INT3 Control reg- 
isters. In cascade mode or special fully nested 
mode, the control words for INT2 and INT3 are not 
used. 


The bits in the various control registers are encoded 
as follows: 
PRO-2: Priority programming information. Highest 


Priority = 000, Lowest Priority = 111 


LTM: 
Level-trigger mode bit. 1 = level-triggered; 
o = edge-triggered. Interrupt Input levels 
are active high. In level-triggered mode, an 
interrupt is generated whenever the exter- 
nal line is high. In edge-triggered mode, an 
interrupt will be generated only when this 
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transition on the line. In both cases, the 
level must remain active until the interrupt 
is acknowledged. 
Mask bit, 1 = mask; 0 = non-mask. 


Cascade mode bit, 1 = cascade; 0 = di- 
rect 
Special fully nested mode bit, 1 = SFNM 


EOI Register 


The end of the interrupt register is a command regis- 
ter which can only be written into. The format of this 
register is shown in Figure 30. It initiates an EOI 
command when written to by the 80C188 CPU. 


The bits in the EOI register are encoded as follows: 
Sx: 
Encoded information that specifies an in- 
terrupt source vector type as shown in Ta- 
ble 4. For example, to reset the In-Service 
bit for DMA channel 0, these bits should be 
set to 01010, since the vector type for DMA 
channel 0 is 10. 


NOTE: 
To reset the single In-Service bit for any of 
the three timers, the vector type for timer 0 
(8) should be written in this register. 


NSPEC/: A bit that determines the type of EOI com- 
SPEC 
mand. Nonspecific = 1, Specific = O. 


Poll and Poll Status 
Registers 


These registers contain polling information. The for- 
mat of these registers is shown in Figure 32. They 
can only be read. Reading the Poll register consti- 
tutes a software poll. This will set the IS bit of the 
highest priority pending interrupt. Reading the poll 
status register will not set the IS bit of the highest 
priority pending interrupt; only the status of pending 
interrupts will be provided. 


Encoding of the Poll and Poll Status register bits are 
as follows: 
Sx: 
Encoded information that indicates the 
vector type of the highest priority inter- 
rupting source. Valid only when INTREQ 
= 1. 


INTREQ: This bit determines if an interrupt request 


is present. Interrupt Request = 1; no In- 
terrupt Request = O. 


When slave mode is used, the internal80C188 inter- 
rupt controller will be used as a slave controller to an 
external master interrupt controller. The internal 
80C188 resources will be monitored by the internal 
interrupt controller, while the external controller 
functions as the system master interrupt controller. 


upon reset, the 80C188 will be in master mode. To 
provide for slave mode operation bit 14 of the relo- 
cation register should be set. 


Because of pin limitations caused by the need to 
interface to an external 82C59A master, the internal 
interrupt controller will no longer accept external in- 
puts. There are however, enough 80C188 interrupt 
controller inputs (internally) to dedicate one to each 
timer. In this mode, each timer interrupt source has 
its own mask bit, IS bit, and control word. 


In slave mode each peripheral must be assigned a 
unique priority to ensure proper interrupt controller 
operation. Therefore, it is the programmer's respon- 
sibility to assign correct priorities and initialize inter- 
rupt control registers before enabling interrupts. 


The configuration of the 80C188 with respect to an 
external 82C59A master is shown in Figure 33. The 
INTO(Pin 45) input is used as the 80C188 CPU inter- 
rupt input. INT3 (Pin 41) functions as an output to 
send the 80C188 slave-interrupt-request to one of 
the 8 master-PIC-inputs. 
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Correct 
master-slave 
interface 
requires 
decoding 
of 


the slave 
addresses 
(CASO-2). 
Slave 
82C59As 
do 


this 
internally. 
Because 
of 
pin 
limitations, 
the 


80C188 
slave address 
will have to be decoded 
ex- 
ternally. 
INT1 (Pin 44) is used as a slave-select 
in- 
put. Note that the slave vector address 
is transferred 


internally, 
but the READY input must be supplied 
ex- 
ternally. 


INT2 
(Pin 42) 
is used 
as an acknowledge 
output, 
suitable 
to drive the INTA input of an 82C59A. 


Slave mode operation 
allows nesting 
of interrupt 
re- 


quests. 
When an interrupt 
is acknowledged, 
the pri- 


ority logic masks 
off all priority 
levels 
except 
those 


with equal or higher priority. 


Vector 
generation 
in slave mode is exactly 
like that 


of an 82C59A 
slave. The interrupt 
controller 
gener- 


ates an 8-bit vector which the CPU multiplies 
by four 


and uses as an address 
into a vector table. The sig- 


nificant 
five bits of the vector 
are user-programma- 


ble while the lower three 
bits are generated 
by the 


priority 
logic. These 
bits represent 
the encoding 
of 


the priority 
level requesting 
service. 
The significant 


five bits of the vector 
are programmed 
by writing 
to 


the Interrupt 
Vector 
register 
at offset 
20H. 


Specific End-of-Interrupt 


In slave mode the specific 
EOI command 
operates 


to reset 
an in-service 
bit of a specific 
priority. 
The 


user supplies 
a 3-bit priority-level 
value that points to 


an in-service 
bit to be reset. The command 
is exe- 


cuted by writing the correct 
value in the Specific 
EOI 


register 
at offset 
22H. 


Interrupt Controller 
Registers 


in the Slave Mode 


All control 
and command 
registers 
are located 
inside 


the 
internal 
peripheral 
control 
block. 
Figure 
34 


shows the offsets 
of these 
registers. 


End-ot-Interrupt 
Register 


The end-of-interrupt 
register 
is a command 
register 


which can only be written. The format 
of this register 


is shown 
in Figure 35. It initiates 
an EOI command 


when written 
by the 80C188 
CPU. 


The bits in the EOI register 
are encoded 
as follows: 


Lx: 
Encoded 
value indicating 
the priority 
of the IS 


bit to be reset. 


inter 


15 
14 
13 
8 
7 
6 
5 
4 
3 
2 
1 
0 
0 
0 
0 I . 
. I 
0 
0 
0 
0 
0 
0 
l2 
L1 
LO 


Figure 35. Specific EOI Register Format 
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Figure 36. In-Service, Interrupt Request, and Mask Register Format 


In-Service Register 


This register can be read from or written into. It con- 
tains the in-service bit for each of the internal inter- 
rupt sources. The format for this register is shown in 
Figure 36. Bit positions 2 and 3 correspond to the 
OMA channels; positions 0, 4, and 5 correspond to 
the integral timers. The source's IS bit is set when 
the processor acknowledges its interrupt request. 


Interrupt 
Request Register 


This register indicates which internal peripherals 
have interrupt requests pending. The format of this 
register is shown in Figure 36. The interrupt request 
bits are set when a request arrives from an internal 
source, and are reset when the processor acknowl- 
edges the request. As in master mode, DO and 01 
are read/write; all other bits are read only. 


Mask Register 


The register contains a mask bit for each interrupt 
source. The format for this register is shown in Fig- 
ure 36. If the bit in this register corresponding to a 
particular interrupt source is set, any interrupts from 
that source will be masked. These mask bits are ex- 
actly the same bits which are used in the individual 
control registers, Le., changing the state of a mask 
bit in this register will also change the state of the 
mask bit in the individual interrupt control register 
corresponding to the bit. 


Control Registers 


These registers are the control words for all the in- 
ternal interrupt sources. The format of these regis- 
ters is shown in Figure 37. Each of the timers and 
both of the OMA channels have their own Control 
Register. 


The bits of the Control Registers are encoded as 
follows: 
prx: 
3·bit encoded field indicating a priority level 
for the source; note that each source must be 
programmed at specified levels. 


msk: mask bit for the priority level indicated by prx 


bits. 


LEVEL 
5 CONTROL 
REGISTER 


(TIMER 
2) 


LEVEL 4 CONTROL 
REGISTER 


(TIMER 
1) 


LEVEL 
3 CONTROL 
REGISTER 


(DMA1) 


LEVEL 2 CONTROL 
REGISTER 


(DMAO) 


LEVEL 
0 CONTROL 
REGISTER 


(TIMER 
0) 


INTERRUPT 
STATUS 
REGISTER 


INTERRUPT·REQUEST 
REGISTER 


IN-SERVICE 
REGISTER 


PRIORITY-LEVEL 
MASK 
REGISTER 


MASK 
REGISTER 


SPECIFIC 
EOI REGISTER 


INTERRUPT 
VECTOR 
REGISTER 


OFFSET 


3AH 


Figure 34. Interrupt Controller Registers 


(Slave Mode) 


Interrupt Vector Register 


This register provides the upper five bits of the inter- 
rupt vector address. The format of this register is 
shown in Figure 38. The interrupt controller itself 
provides the lower three bits of the interrupt vector 
as determined by the priority level of the interrupt 
request. 


The format of the bits in this register is: 
tx: 
5-bit field indicating the upper five bits of the 
vector address. 


Priority-Level 
Mask Register 


This register indicates the lowest priority-level inter- 
rupt which will be serviced. 


The encoding of the bits in this register is: 
mx: 
3-bit encoded field indication priority-level val- 
ue. All levels of lower priority will be masked. 


Interrupt Status Register 


This register is defined as in master mode except 
that DHLT is not implemented (see Figure 27). 


15 
14 
13 
o 
0 
0 I • 
8 
• I 
0 


Interrupt Controller 
and Reset 


Upon RESET, the interrupt controller will perform 
the following actions: 
• All SFNM bits reset to 0, implying Fully Nested 


Mode. 
• All PR bits in the various control registers set to 1. 


This places all sources at lowest priority (level 
111). 


• All LTM bits reset to 0, resulting in edge-sense 


mode. 


• All Interrupt Service bits reset to O. 
• All Interrupt Request bits reset to O. 
• All MSK (Interrupt Mask) bits set to 1 (mask). 
• All C (Cascade) bits reset to 0 (non-cascade). 
• All PRM (Priority Mask) bits set to 1, implying no 


levels masked. 


• Initialized to master mode. 


43210 
o 
I MSK I PR2 I PR1 I PRO I 


15 
14 
13 
8 
7 
6 
5 
4 
3 
2 
1 
0 
0 
0 
0 
I . 
· I 
0 
14 
13 
12 
11 
to 
0 
0 
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Figure 38. Interrupt Vector Register Format 
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Figure 39. Priority Level Mask Register 


inter 


Enhanced Mode Operation 


In Compatible Mode the 80C188 operates with all 
the features of the NMOS 80188, with the exception 
of 8087 support (Le. no numeric coprocessing is 
possible). Queue-Status information is still available 
for design purposes other than 8087 support. 


All the Enhanced Mode features are completely 
masked when in Compatible Mode. A write to any of 
the Enhanced Mode registers will have no effect, 
while a read will not return any valid data. 


In Enhanced Mode, the 80C188 will operate with 
Power-Save and DRAM refresh, in addition to all the 
Compatible Mode features. 


Entering Enhanced Mode 


Enhanced mode can be entered by tying the RESET 
output signal from the 80C188 to the TESTIBUSY 
input. 


The queue-status mode is entered by strapping the 
RD pin low. RD is sampled at RESET and if LOW, 
the 80C188 will reconfigure the ALE and WR pins to 
be QSO and QS1 respectively. This mode is avail- 
able on the 80C188 in both Compatible and En- 
hanced Modes and is identical to the NMOS 80188. 


DRAM Refresh Control Unit 
Description 


The Refresh Control Unit (RCU) automatically gen- 
erates DRAM refresh bus cycles. The RCU operates 
only in Enhanced Mode. After a programmable peri- 
od of time, the RCU generates a memory read re- 
quest to the BIU. If the address generated during a 
refresh bus cycle is within the range of a properly 
programmed chip select, that chip select will be acti- 
vated when the BIU executes the refresh bus cycle. 
The ready logic and wait states programmed for that 
region will also be in force. If no chip select is acti- 
vated, then external ready is automatically required 
to terminate the refresh bus cycle. 


If the HLDA pin is active when a DRAM refresh re- 
quest is generated (indicating a bus hold condition), 
then the 80C188 will deactivate the HLDA pin in or- 
der to perform a refresh cycle. The circuit external to 
the 80C188 must remove the HOLD signal in order 
to execute the refresh cycle. The sequence of HLDA 
going inactive while HOLD is being held active can 
be used to signal a pending refresh request. 


All registers controlling DRAM refresh may be read 
and written in Enhanced Mode. When the processor 
is operating in Compatible Mode, they are deselect- 
ed and are therefore inaccessible. Some fields of 
these registers cannot be written and are always 
read as zeros. 


The address generated during a refresh cycle is de- 
termined by the contents of the MDRAM register 
(see Figure 40) and the contents of a 9-bit counter. 
Figure 41 illustrates the origin of each bit. 


Bits 0-8: 
Bits 9-15: 


Reserved, read back as O. 
MO-M6, are address bits A13-A19 of the 20-bit memory refresh address. These bits should 
correspond to the chip select address to be activated for the DRAM partition. These bits are 
set to 0 on RESET. 


A1e 
A18 
A17 
A1S 
A15 
A14 
A13 
A12 
A11 
A10 
Ae 
A8 
A7 
AS 
A5 
A4 
A3 
A2 
A1 
AO 
I MS I MS I M4 I M3 I M2 I Ml I MO I 
0 I 
0 I 
0 I CAB I CA7 I CAS I CAS I CMI 
CA3 I CA2 I CAl I CAO I 
1 


M6-MO: Bits defined by MDRAM Register 


CA8-CAO: Bits defined by refresh address counter 


Figure 41. Addresses 
Generated 
by RCU 


Bits 0-8: 
CO-C8, clock divisor register, holds the number of CLKOUT cycles between each refresh 
request. 


Bits 9-15: 
Reserved, read back as O. 


Figure 42. Clock Pre-Scaler 
Register 


Bits 0-8: 
Bits 9-14: 
Bit 15: 


TO- T8, refresh clock counter outputs. Read only. 
Reserved, read back as o. 
Enable RCU, set to 0 on RESET. 


Figure 43. Enable RCU Register 


Refresh Control Unit Programming 
and 


Operation 


After programming the MORAM and the CORAM 
registers (Figures 40 and 42), the RCU is enabled by 
setting the "E" bit in the EORAM register (Figure 
43). The clock counter (TO-T8 of EORAM) will be 
loaded from CO-C8 of CORAM during T3 of instruc- 
tion cycle that sets the "E" bit. The clock counter is 
then decremented at each subsequent CLKOUT. 


A refresh is requested when the value of the counter 
has reached 1 and the counter is reloaded from 
CORAM. In order to avoid missing refresh requests, 
the value in the CORAM register should always be at 
least 18 (12H). Clearing the "E" bit at anytime will 
clear the counter and stop refresh requests, but will 
not reset the refresh address counter. 


Power Save Operation 


The 80C188, when in Enhanced Mode, can enter a 
power saving state by internally dividing the clock-in 
frequency by a programmable factor. This divided 


frequency is also available at the CLKOUT pin. The 
POCON register contains the two-bit fields for se- 
lecting the clock division factor and the enable bit. 


All internal logic, including the Refresh Control Unit 
and the timers, will have their clocks slowed down 
by the division factor. To maintain a real time count 
or a fixed ORAM refresh rate, these peripherals must 
be re-programmed when entering and leaving the 
power-save mode. 


The power-save mode is exited whenever an inter- 
rupt is processed by automatically resetting the en- 
able bit. If the power-save mode is to be re-entered 
after serving the interrupt, the enable bit will need to 
be reset in software before returning from the inter- 
rupt routine. 


The internal clocks of the 80C188 will begin to be 
divided during the T3 state of the instruction cycle 
that sets the enable bit. Clearing the enable bit will 
restore full speed in the T3 state of that instruction. 


At no time should the internal clock frequency be 
allowed to fall below 0.5 MHz. This is the minimum 
operational frequency of the 80C188. For example, 
an 80C188 running with a 12 MHz crystal (6 MHz 
CLOCKOUT) should never have a clock divisor 
greater than eight. 


Clock Divisor Select 
F1 
FO 
Division Factor 
o 
0 
divide by 1 
o 
1 
divide by 4 
1 
0 
divide by 8 
1 
1 
divide by 16 
Reserved, read back as zero. 
Enable Power Save Mode. Set to zero on RESET. 


Bits 2-14: 
Bit 15: 


Figure 44. Power-Save 
Control 
Register 


The ONCE mode is selected by tying the UCS and 
the LCS LOW during RESET. These pins are sam- 
pled on the low-to-high transition of the RES pin. 
The UCS and the LCS pins have weak internal pull- 
up resistors similar to the RD and TESTIBUSY pins 
to guarantee proper normal operation. 


To facilitate testing and inspection of devices when 
fixed into a target system, the 80C188 has a test 
mode available which allows all pins to be placed in 
a high-impedance state. "ONCE" stands for "ON 
Circuit Emulation". When placed in this mode, the 
80C188 will put all pins in the high-impedance state 
until RESET. 
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5V 


AllOY 


NMI ~ 
~ 
HOLD* 
r- 
LOW RAM 


[CS 
II 
I 
TMRINO 
-+5V 
( 


TMROUTO 
, 


~ 


CLOCK 


74HC205 
<==>. 
~ 
TRANSCEIVER 
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DISK 
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INTERFACE 
INT1 
HARDWARE 
~ 
DRDO 


~ 


~~ 
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•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
under Bias 
.... 
O·C to + 70·C 


Storage Temperature 
- 6S·C to + 1S0·C 


Voltage 
on Any Pin with 
Respect 
to Ground 
-1.0V 
to + 7.0V 


Package 
Power Dissipation 
3W 


NOTICE' Specifications contained within the 
fol/owing tables are subject to change. 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VIL 
lf1put Low Voltage 
-O.S 
0.2Vcc 
- 
0.3 
V 


VIH 
Input High Voltage 
0.2Vcc 
+ 0.9 
Vcc + O.S 
V 


(All except X1 and RES) 


VIH1 
Input High Voltage 
(RES) 
3.0 
Vcc + O.S 
V 


VOL 
Output 
Low Voltage 
0,45 
V 
IOL = 2.S mA (SO, 1, 2) 
IOL = 2.0 mA (others) 


VOH 
Output 
High Voltage 
2.4 
Vcc 
V 
IOH = -2,4 
mA @ 2,4V 


0.8 Vcc 
Vcc 
V 
IOH = -200 
JJ-A@ 0.8 Vcc 


Icc 
Power Supply Current 
1S0 
mA 
@ 12.S MHz, O·C 


Vcc = S.SV 


Ips 
Power Save Current 
10 mA per MHz + 20 
mA 
Typical 
@2S·C, Vcc = S.OV 


III 
Input Leakage Current 
±10 
IJoA 
0.4SV ~ VIN ~ Vcc 


ILO 
Output Leakage Current 
±10 
JJ-A 
O,4SV ~ VOUT ~ VCC<1) 


VCLO 
Clock Output Low 
O.S 
V 
ICLO = 4.0mA 


VCHO 
Clock Output High 
0.8 Vcc 
V 
ICHO = -SOO JJ-A 


VCLl 
Clock Input Low Voltage 
(X1) 
-O.S 
0.6 
V 


VCHI 
Clock Input High Voltage 
(X1) 
3.9 
Vcc + 0.5 
V 


CIN 
Input Capacitance 
10 
pF 
@ 1 MHz(2) 


CIO 
I/O Capacitance 
20 
pF 
@ 1 MHz(2) 


NOTES: 
1. Pins being floated during HOLD or by invoking the ONCE Mode. 
2. Characterization conditions are a) Frequency = 1 MHz; b) Unmeasured pins at GND; c) VIN at +5.0V or O.45V.This 
parameter is not tested. 


inter 


PIN TIMINGS 
ADVANCE INFORMATION-SEE 
INTEL FOR DESIGN-IN INFORMATION 


A.C. CHARACTERISTICS 
TA = O·Gto +70·G, VCC = 5V ±10% except Vcc = 5V ±5% at 16 MHz 
All timings are measured at 1.5V and 100 pF loading on GLKOUT unless otherwise noted. 
All output test conditions are with GL = 50-200 pF (10 MHz) and GL = 50-100 pF (12.5-16 MHz). 
Input VIL = 0.45V and VIH = 2.4V for A.G. tests. 


Symbol 
Parameter 
80C188-10 
80C188-12 
80C188-16 
I Unit 
Test 


Mln 
Max 
Mln 
Max 
Mln 
Max 
Conditions 


80C186 
TIMING 
REQUIREMENTS 


TOVCL 
Data In Setup (AID) 
15 
15 
10 
ns 


TCLOX 
Data In Hold (AID) 
5 
5 
5 
ns 


TARYCH 
ARDY Resolution 
Transition 
15 
15 
15 
ns 
Setup Time(1) 


TARYLCL 
Asynchronous 
Ready (ARDY) 
25 
25 
25 
ns 
Setup Time 


TCLARX 
ARDY Active 
Hold Time 
15 
15 
15 
ns 


TARYCHL 
ARDY 
Inactive 
15 
15 
15 
ns 
Hold Time 


TSRYCL 
Synchronous 
Ready 
15 
15 
15 
ns 
(SRDY) Transition 
Setup Time(1) 


TCLSRY 
SRDY Transition 
15 
15 
15 
ns 
Hold Time 


THVCL 
HOLD Setup(1) 
15 
15 
15 
ns 


TINVCH 
INTR, NMI, TEST, TMR IN 
15 
15 
15 
ns 
Setup Time(1) 


TINVCL 
DRQO, DRQ1, Setup 
15 
15 
15 
ns 
Time(1) 


80C188 
MASTER 
INTERFACE 
TIMING 
RESPONSES 


TCLAV 
Address 
Valid Delay 
5 
50 
5 
36 
5 
33 
ns 
CL =50 
pF 


TCLAX 
Address 
Hold 
0 
0 
0 
ns 
-200pFall 


TCLAZ 
Address 
Float Delay 
TCLAX 
30 
TCLAX 
25 
TCLAX 
20 


outputs 
ns 
(except 


TCHCZ 
Command 
Lines 
40 
33 
28 
n.s 
TCLTMV) @ 
Float Delay 
10MHz 


TCHCV 
Command 
Lines Valid 
45 
37 
32 
ns 
Delay (after Float) 


hHLL 
ALE Width (min) 
TCLCL - 
30 
TCLCL - 
30 
TCLCL - 
30 
ns 
CL =50 
pF 


TCHLH 
ALE Active 
Delay 
30 
25 
20 
ns 
-100 
pF all 


TCHLL 
ALE Inactive 
Delay 
outputs 


30 
25 
20 
ns 
@12.5& 


TLLAX 
Address 
Hold to 
TCHCL - 
20 
TCHCL - 
15 
TCHCL - 
15 
ns 
16MHz 


ALE Inactive 
(min) 


TCLDV 
Data Valid Delay 
5 
40 
5 
36 
5 
33 
ns 


TCLDOX 
Data Hold Time 
5 
5 
5 
ns 


TWHOX 
Data Hold after WR (min) 
TCLCL - 
34 
TCLCL - 
20 
TCLCL - 
20 
ns 


TcVCTV 
Control 
Active 
Delay 1 
5 
56 
5 
47 
5 
31 
ns 


TCHCTV 
Control 
Active 
Delay 2 
5 
44 
5 
37 
5 
31 
ns 


TCVCTX 
Control 
Inactive 
Delay 
5 
44 
5 
37 
5 
31 
ns 


TCVOEX 
DEN Inactive 
Delay 
5 
56 
5 
47 
5 
35 
ns 
(Non-Write 
Cycle) 


NOTE: 
1. To guarantee 
recognition 
at next clock. 


inter 


A.C. CHARACTERISTICS 


T A = O·C to + 70·C, 
VCC = 5V ± 10% 
except 
VCC = 5V ± 5% 
at 
16 MHz 


All 
timings 
are 
measured 
at 
1.5V 
and 
100 
pF 
loading 
on 
CLKOUT 
unless 
otherwise 
noted. 
All 
output 
test 
conditions 
are 
with 
CL = 
50-200 
pF 
(10 
MHz) 
and 
CL = 
50-100 
pF 
(12.5-16 
MHz). 


Input 
VIL = 
0.45V 
and 
VIH = 2.4V 
for 
A.C. 
tests. 


Symbol 
Parameter 
80C188-10 
8OC188·12 
I 
80C188-16 
Unit 
Test 


Mln 
Max 
Mln 
I Max 
Mln 
Max 
Conditions 


80C188 
MASTER 
INTERFACE 
TIMING 
RESPONSES 
(Continued) 


TAZRL 
Address 
Float to 
0 
0 
0 
ns 
CL = 50-200 
pF 
RDActive 
all outputs 


TCLRL 
RD Active 
Delay 
5 
44 
5 
37 
5 
31 
ns 
(except 
TCLTMV) 
@ 10 MHz 
TCLRH 
RD Inactive 
Delay 
5 
44 
5 
37 
5 
31 
ns 


TRHAV 
RD Inactive 
to 
TCLCL - 
40 
TCLCL - 
20 
TCLCL - 
20 
ns 
CL =50-100pF 
Address 
Active 
all outputs@ 
(min) 
12.5 & 16 MHz 


TCLHAV 
HLDA Valid Delay 
5 
40 
5 
33 
5 
25 
ns 


TRLRH 
RD Pulse Width 
2TCLCL - 
46 
2TCLCL - 
40 
2TCLCL - 
30 
ns 


(min) 


TWLWH 
WR Pulse Width 
2TCLCL - 
34 
2TCLCL - 
30 
2TCLCL - 
25 
ns 
(min) 


TAVLL 
Address 
Valid to 
TCLCH - 
19 
TCLCH - 
15 
TCLCH - 
15 
ns 
Equal 
ALE Low (min) 
Loading 


TCHSV 
Status Active 
5 
45 
5 
35 
5 
31 
ns 
Delay 


TCLSH 
Status 
Inactive 
5 
50 
5 
35 
5 
30 
ns 
Delay 


TCLTMV 
Timer Output 
Delay 
48 
40 
30 
ns 
100 pF max 
@ 10 MHz 


TCLRO 
Reset Delay 
48 
40 
30 
ns 
CL = 50-200 
pF 


TCHQSV 
Queue Status 
28 
28 
25 
ns 
All outputs 


Delay 
(except 
TCLTMV) 


TCHOX 
Status 
Hold Time 
@ 10 MHz 


5 
5 
5 
ns 


TAVCH 
Address 
Valid to 
0 
0 
0 
ns 
CL = 50-100 
pF 
Clock High 
All outputs 
@ 


TCLLV 
LOCi< Valid/Invalid 
5 
45 
5 
40 
5 
35 
ns 
12.5 & 16 MHz 


Delay 


TOXOL 
DEN Inactive to 
0 
0 
0 
ns 
Equal 
DT/RLow 
Loading 


80C188 
CHIP-SELECT 
TIMING 
RESPONSES 


TCLCSV 
Chip-Select 
45 
33 
30 
ns 


Active 
Delay 


Tcxcsx 
Chip-Select 
TCLCH - 
10 
TCLCH - 
10 
TCLCH - 
10 
ns 
Equal 
Hold from 
Loading 
Command 
Inactive 


TCHCSX 
Chip-Select 
5 
32 
5 
28 
5 
23 
ns 
Inactive 
Delay 


TA = O·C to 
+70·C, 
VCC = 5V 
±10% 
except 
VCC = 
5V 
±5% 
at 
16 MHz 


All 
timings 
are 
measured 
at 
1.5V 
and 
100 
pF 
loading 
on 
CLKOUT 
unless 
otherwise 
noted. 
All 
output 
test 
conditions 
are 
with 
CL = 50-200 
pF 
(10 MHz) and 
CL = 
50-100 
pF 
(12.5-16 
MHz). 


Input 
VIL = OA5V 
and 
VIH = 2.4V 
for 
A.C. 
tests. 


Symbol 
Parameter 
8OC188-10 
8OC188-12 
80C188-16 
Unit 
Test 


Mln 
Max 
Mln 
Max 
Mln 
Max 
Conditions 


80C188 
CLKIN 
REQUIREMENTS 
Measurements 
taken with following 
conditions: 
External 
clock 
input to Xl 
and X2 not 
connected 
(float) 


TCKIN 
CLKIN Period 
50 
1000 
40 
1000 
31.25 
1000 
ns 


TCKHL 
CLKIN Fall Time 
5 
5 
5 
ns 
3.5 to 1.0V 


TCKLH 
CLKIN Rise Time 
5 
5 
5 
ns 
1.0 to 3.5V 


TCLCK 
CLKIN 
Low Time 
20 
15 
13 
ns 
1.5V(2) 


TCHCK 
CLKIN High Time 
20 
15 
13 
ns 
1.5V(2) 


80C188 
CLKOUT 
TIMING 
200 pF load maximum 
for 10 MHz or less, 100 pF load maximum 
above 
10 MHz 


TCICO 
CLKINto 
25 
21 
17 
ns 
CLKOUTSkew 


TCLCL 
CLKOUT 
Period 
100 
2000 
80 
2000 
62.5 
2000 
ns 


TCLCH 
CLKOUT 
0.5 TCLCL-6 
0.5 TCLCL -5 
0.5 TCLCL-5 
ns 
1.5V 


Low Time (min) 


TCHCL 
CLKOUT 
0.5 TCLCL-6 
0.5 TCLCL -5 
0.5 TCLCL -5 
ns 
1.5V 
High Time (min) 


TCH1CH2 
CLKOUT 
10 
10 
8 
ns 
1.0to 
3.5V 
Rise Time 


TCL2CL1 
CLKOUT 
10 
10 
8 
ns 
3.5 to 1.0V 
Fall Time 


NOTE: 
2. TCLCK and TCHCK (CLKIN 
Low and High times) 
should 
not have a duration 
less than 40% 
of TCKIN. 
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AD7-ADO 
DATA OUT 


WRITE CYCLE 
TWHDX 


TCVCTX 
(NOTE 1) 


DEN 


RD,INTA, 
TCVCTV 
TWLWH 


DTjR=VOH 
WR 


SOFTWARE HALT-DT/R=VOL' 


S7 ,RD,WR,INTA,DEN=VOH 


PCS, 


t.4CS, 


LCS, 


UCS, 
(NOTE 4) 


intJ 


WAVEFORMS 
(Continued) 


MAJOR 
CYCLE 
TIMING 
(Continued) 


PCs, 
1Rl 
[9, 
UCs 
(Note 4) 


NOTES: 
1. Following 
a Write cycle. 
the Local 
Bus is floated 
by the 80C188 
only when the 80C188 
enters 
a "Hold 
Acknowledge" 


state, 
2. INTA occurs 
one clock 
later in slave 
mode. 


3. Status 
inactive 
just prior to T4. 
4. Latched 
A 1 and A2 have the same timings 
as PCS5 and PCS6. 


inter 


~ 
INTO·3 
TIMEAIN 


WAVEFORMS 
(Continued) 


READY 
TIMING 


ARDY 
(NORMALLY 
NOT READY) 


ARDYI 
(NORMALLY 
READY) 


CLKOUT'"""'\. 
~ 


'-;Tv'CL-IFt-.. 


HOLD---- 


AD15-ADO------· 


DEN 
8_0C_l_8_8 
__ 
. 


A19/S6-A16/S3. 
RD. WR, ---8-0C-1-8-8 
-_. 


BHE, DT/R, -----_. 
S2- 
SO. LOCK 


inter 


WAVEFORMS 
(Continued) 


TIMER 
ON 80C186 


A determination 
of 80C188 
program 
execution 
tim- 


ing must consider 
both the bus cycles 
necessary 
to 


prefetch 
instructions 
as well as the number 
of exe- 


cution unit cycles 
necessary 
to execute 
instructions. 
The following 
instruction 
timings 
represent 
the mini- 


mum execution 
time in clock cycles for each instruc- 


tion. The timings 
given 
are based 
on the following 


assumptions: 


• 
The opcode, 
along with any data or displacement 


required 
for execution 
of a particular 
instruction, 
has been prefetched 
and resides 
in the queue at 


the time it is needed. 


• 
No wait states or bus HOLDs 
occur. 


All instructions 
which involve 
memory 
accesses 
can 


require one or two additional 
clocks 
above the mini- 


mum timings 
shown 
due to the asynchronous 
hand- 


shake between 
the BIU and execution 
unit. 


All jumps and calls include the time required to fetch 
the opcode 
of the next instruction 
at the destination 


address. 


The 80C188 
8-bit BIU is noticeably 
limited in its per- 


formance 
relative 
to the execution 
unit. A sufficient 


number 
of prefetched 
bytes 
may not reside 
in the 


prefetch 
queue 
much of the time. Therefore, 
actual 


program 
execution 
will be substantially 
greater 
than 


that 
derived 
from 
adding 
the 
instruction 
timings 


shown. 


Function 
Format 
Clock 
Comments 
Cycles 


DATA TRANSFER (Continued) 
SEGMENT = Segment Override: 


CS 
I 
00101110 
I 
2 


SS 
I 
00110110 
I 
2 


DS 
I 
00111110 
I 
2 


ES 
I 
00100110 
I 
2 


ARITHMETIC 
ADD = Add: 


Reglmemory with register to either 
I 
OOOOOOdw 
I 
mod reg rim 
I 
3/10' 


Immediate to registerlmemory 
I 
100000sw 
I 
modOOO rim I 
data 
I data if s w=01 
I 
4/16' 


Immediate to accumulator 
I 
0000010w 
I 
data 
I 
dataifw=1 
I 
3/4 
8/16-bit 


ADC ~ Add with carry: 


Reglmemory with register to either 
I 
000100dw 
I 
mod reg rim 
I 
3/10' 


Immediate to registerlmemory 
I 
100000sw 
I 
mod 0 10 rim I 
data 
I data if s w~01 
I 
4/16' 


Immediate to accumulator 
I 
0001010w 
I 
data 
I 
dataifw~1 
I 
3/4 
8/16·bit 


INC = Increment: 


Registerlmemory 
I 
1111111w 
I 
modOOO rim I 
3/15' 


Register 
I 
01000reg 
I 
3 


SUB = Subtract: 


Reglmemory and register to either 
I 
001010dw 
I 
mod reg rim 
I 
3/10' 


Immediate from registerlmemory 
I 
100000sw 
I 
mod 101 
rim I 
data 
I data if s w~01 
I 
4/16' 


Immediate from accumulator 
I 
0010110w 
I 
data 
I 
dataifw=1 
I 
3/4 
8/16-bit 


SBB = Subtract with borrow: 


Reglmemory and register to either 
I 
000110dw 
I 
mod reg rim 
I 
3/10' 


Immediate from registerlmemory 
I 
100000sw 
I mod011 
rim I 
data 
I data if s w=01 I 
4/16' 


Immediate from accumulator 
I 
0001110w 
I 
data 
I 
dataifw=1 
I 
3/4 
8/16-bit 


DEC ~ Decrement 


RegisterImemory 
I 
1111111w 
I 
mod001 
rim I 
3/15' 


Register 
I 
01001 
reg 
I 
3 


CMP ~ Compare: 


Registerlmemory with register 
I 
0011101 
w I 
mod reg rim 
I 
3/10' 


Register with registerlmemory 
I 
0011100w 
I 
mod reg rim 
I 
3/10' 


Immediate with registerlmemory 
I 
100000sw 
I 
mod 111 
rim I 
data 
I data if s w= 01 I 
3/10' 


Immediate with accumulator 
I 0011110w 
I 
data 
I 
dataifw~1 
I 
3/4 
8/16-bit 


NEG = Change sign registerlmemory I 
1111011 
w I modO 11 rim I 
3/10' 


AAA = ASCII adjust for add 
I 
00110111 
I 
8 


DAA ~ Decimal adjust for add 
I 
00100111 
I 
4 


AAS = ASCII adjust for subtract 
I 
00111111 
I 
7 


DAS ~ Decimal adjust for subtract 
I 
00101111 
I 
4 


Shaded 
areas 
indicate 
instructions 
not available 
in 8086, 8088 
microsystems. 


"NOTE: 
Clock 
cycles 
shown 
for byte transfer. 
For word operations, 
add 4 clock 
cycles 
for all memory 
transfers. 


Function 
Format 
Clock 
Comments 
Cycles 


LOGIC(Continued) 
TEST= And function to IIags, no result: 


Register/memoryand register 
I 
1000010w 
I 
mod reg ,/m 
I 
3/10" 


Immediatedata and register/memory I 
1111011 
w I modOOO ,/m I 
data 
I 
dataifw=1 
I 
4/10" 


Immediatedata and accumulator 
I 
1010100w 
I 
data 
I 
data ifw= 1 
I 
3/4 
8/16-bit 


OR=Or: 


Reg/memoryand registerto either 
I 
000010dw 
I 
mod reg rim 
I 
3/10" 


Immediateto register/memory 
I 
1000000w 
I mod001 
rim I 
data 
I 
data ifw= 1 
I 
4/16" 


Immediateto accumulator 
I 0000110w 
I 
data 
I 
dataifw=1 
I 
3/4 
8/16-bit 


XOR = Exclusive or: 


Reg/memoryand registerto either 
I 
001100dw 
mod reg rim 
I 
3/10" 


Immediateto ,egister/memory 
I 
1000000w 
mod 110 
rim I 
data 
I 
data ifw= 1 
I 
4/16" 


Immediateto accumulator 
I 
0011010w 
data 
I 
dataifw=1 
I 
3/4 
8/16-bit 


NOT = Invertregister/memory 
I 
1111011 
w 
mod 010 
rim I 
3/10" 


STRINGMANIPULATION 


MOVS = Movebyte/word 
I 
1010010w 
14" 


CMPS = Comparebyte/word 
I 
1010011 
w 
22" 


SCAS = Scanbyte/word 
I 
1010111 
w 
15" 


LODS = Loadbyte/wd to ALAX 
I 
1010110w 
I 
12" 


STOS = Star byte/wd from ALA 
I 
1010101 
w I 
10" 
I 
I 
.. 


INS = Inputbyte/wd from OXport 
0110110w 
14 


OUTS'" 
Outputbyte/wd to OXport 
I 0110111 
w I 
14 
- 


Repeatedby count in CX 


MOVS = Movestring 
I 
11110010 
I 
1010010w 
8+8n" 


CMPS = Comparestring 
I 
1111001 
z I 
1010011 
w 
5+22n" 


SCAS = Scan string 
I 
1111001 
z I 
1010111 
w 
5+15n" 


LODS = Loadstring 
I 
11110010 
I 
1010110w 
6+11n" 


STOS = Store string 
I 
11110010 
I 
1010101 
w 
6+9n· 


INS = Inputstring 
I 
11110010 
I 0110110w 
8+8n" 


OUTS = Outputstring 
I 
11110010 
1 0110111w 
8+8n" 
-- 
CONTROLTRANSFER 


CALL = Call: 


Directwithin segment 
I 
11101000 
I 
disp-Iow 
I 
disp-high 
I 
19 


Register/memory 
I 
11111111 
I modO 10 rim I 
17/27 


indirectwithin segment 


Direct intersegment 
I 
10011010 
I 
segmentoffset 
I 
31 


I 
segmentseiector 
I 


Indirect intersegment 
I 
11111111 
I mod011 
rim I 
(mod* 11) 
54 


Shaded 
areas 
Indicate 
instructions 
not available 
in 8086, 
8088 
microsystems. 


°NOTE: 
Clock 
cycles 
shown 
for byte transfer. 
For word operations, 
add 4 clock 
cycles 
for all memory 
transfers. 


Function 
Format 
Clock 
Comments 
- 
Cycles 


CONTROL TRANSFER (Continued) 
JMP ~ Unconditional jump: 


Short/long 
I 
11101011 
I 
disp-Iow 
I 
14 


Direct within segment 
I 
11101001 
I 
disp-Iow 
I 
disp-high 
I 
14 


Register/memory 
I 
11111111 
Imod 1 00 r/ml 
11/21 
indirect within segment 


Direct intersegment 
I 
11101010 
I 
segment offset 
I 
14 


I 
segment selector 
I 


Indirect intersegment 
I 
11111111 
mod 101 
r/ml 
(mod* 11) 
34 


RET = Return from CALL: 


Within segment 
I 
11000011 
20 


Within seg adding immed to SP 
11000010 
data-low 
I 
data-high 
I 
22 


Intersegment 
11001011 
30 


Intersegment adding immediate to SP 
11001010 
data-low 
data-high 
I 
33 


JE/JZ ~ Jump on equal/zero 
01110100 
disp 
4/13 
JMP not 


JL/JNGE ~ Jump on less/not greater or equal 
4/13 
taken/JMP 
01111100 
disp 
taken 
JLE/JNG ~ Jump on less or equallnot greater 
01111110 
disp 
4/13 


JB/JNAE 
~ Jump on below/not above or equal 
01110010 
disp 
4/13 


JBE/JNA 
~ Jump on below or equal/not above 
01110110 
disp 
4/13 


JP/JPE = Jump on parity/parity even 
01111010 
disp 
4/13 


JO = Jump on overflow 
01110000 
disp 
4/13 


JS ~ Jump on sign 
01111000 
disp 
4/13 


JNE/JNZ ~ Jump on not equal/not zero 
01110101 
disp 
4/13 


JNL/JGE ~ Jump on not less/greater or equal 
01111101 
disp 
4/13 


JNLE/JG ~ Jump on not less or equallgreater 
01111111 
disp 
4/13 


JNB/JAE 
~ Jump on not below/above or equal 
01110011 
disp 
4/13 


JNBE/JA 
~ Jump on not below or equal/above 
01110111 
disp 
4/13 


JNP/JPO = Jump on not par/par odd 
01111011 
disp 
4/13 


JNO ~ Jump on not overflow 
01110001 
disp 
4/13 


JNS = Jump on not sign 
01111001 
disp 
4/13 


JCXZ = Jump on CX zero 
11100011 
disp 
5/15 


LOOP ~ Loop CX times 
I 
11100010 
disp 
6/16 
LOOP not 


LOOPZ/LOOPE ~ Loop while zero/equal 
I 
11100001 
disp 
6/16 
taken/LOOP 


LOOPNZ/LOOPNE = Loop while not zero/equal I 


taken 


11100000 
disp 
6/16 


I 
I 
, 
I 
---- 
ENTER = Enter Procedure 
11001000 
da1a.low 
da1a-hlgh 
L 


L=O 
15 


l= 
1 
26 
L>l 
22+ 16(n-1) 


LEAVE = Leave Procedure 
I 
11001001 
I 
8 
- 
- ---- 


inter 


Function 
Format 
Clock 
Comments 
Cycles 


CONTROL TRANSFER (Continued) 
INT = Interrupt: 


Type specified 
I 
11001101 
I 
type 
I 
47 


Type 3 
I 
11001100 
I 
45 
if INT. takenl 


INTO ~ Interrupt on overflow 
I 
11001110 
I 


if INT. not 
48/4 
taken 


IRET = Interrupt return 
I 
11001111 
I 
28 
I 
I mod reg rim I 


-,-- 


BOUND = Detect value out of range 
01100010 
1- 
33-35 


PROCESSORCONTROL 


ClC = Clear carry 
t 
11111000 
I 
2 


CMC = Complement carry 
I 
11110101 
I 
2 


STC ~ Set carry 
I 
11111001 
I 
2 


ClD = Clear direction 
I 
11111100 
I 
2 


STD = Set direction 
I 
11111101 
I 
2 


Cli = Clear interrupt 
11111010 
2 


ST' ~ Set interrupt 
11111011 
2 


HlT = Halt 
11110100 
2 


WAIT ~ Wait 
10011011 
6 
if test = 0 


lOCK = Bus lock prefix 
11110000 
2 


I 
. 
ESC ~ Processor Extension Escape 
11011 
TTT 
mod lLL 
rim 
6 


(TTT LLL are opco e to processor extension) 


if rim 
011 then EA = (BP) + (01) + OISP 


if rim 
100 then EA = (SI) + OISP 


if rim 
101 then EA = (01) + OISP 


if rim 
110thenEA 
= (BP) + OISp· 


if rim 
111 then EA = (BX) + OISP 


The Effective 
Address 
(EA) of the memory 
operand 


is computed 
according 
to the mod and rim fields: 
if mod 
11 then rim is treated 
as a REG field 


if mod 
00 then OISP = 0·, disp-Iow and disp- 
high are absent 
01 then OISP = disp-Iow sign-ex- 
tended to 16-bits, disp-high 
is absent 


10 then OISP = disp-high: 
disp-Iow 


000 then EA = (BX) + (SI) + OISP 
001 then EA = (BX) + (01) + OISP 
010 then EA = (BP) + (SI) + OISP 


OISP follows 
2nd byte of instruction 
(before 
data if 


required) 


if mod 
if rim 
if rim 
if rim 


·except 
if mod 
= 00 and rim = 110 then 
EA = 


disp-high: 
disp-Iow. 


inter 


EA calculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev- 
er appropriate. 


Segment 
Override 
Prefix 


I 0 
0 
1 
reg 
1 
1 
0 I 


reg is assigned according to the following: 


Segment 
Register 
E5 
C5 
55 
05 


16-Blt (w = 1) 
000 AX 
001 CX 
010 OX 
011 BX 
1005P 
101 BP 
11051 
111 01 


8-Bit (w = 0) 
000 AL 
001 CL 
0100L 
011 BL 
100 AH 
101 CH 
1100H 
111 BH 


The physical addresses of all operands addressed 
by the BP register are computed using the 55 seg- 
ment register. The physical addresses of the desti- 
nation operands of the string primitive operations 
(those addressed by the 01 register) are computed 
using the E5 segment, which may not be overridden. 


inter 


82188 


INTEGRATED BUS CONTROLLER 
FOR 


8086, 8088, 80186, 80188 PROCESSORS 


• 
Provides Flexibility in System 
Configurations 
- 
Supports 8087 Numerics 
Coprocessor 
in 8 MHz 80186 and 


80188 Systems 
- 
Provides a Low-cost Interface for 
8086, 8088 Systems to an 82586 LAN 
Coprocessor 
or 82730 Text 


Coprocessor 


• 
Facilitates Interface to one or more 
Multimaster 
Busses 


• 
Supports Multiprocessor, 
Local Bus 


Systems 


• 
Allows use of 80186, 80188 High- 
Integration 
Features 


• 
3-State, Command Output Drivers 


• 
Available in EXPRESS 
- 
Standard Temperature 
Range 


- 
Extended Temperature 
Range 


• 
Available in Plastic DIP or Cerdip 
Package 


(See Packaging 
Spec., 
Order 
#231369) 


The 82188 
Integrated 
Bus Controller 
(IBG) is a 28-pin HMOS III component 
for use with 80186, 
80188, 
8086 
and 
8088 
systems. 
The 
IBC 
provides 
command 
and 
control 
timing 
signals 
plus 
a 
configurable 
RQ/GT 
- 
HOLD-HLDA 
converter. 
The device 
may be used to interface 
an 8087 
Numerics 
Coprocessor 
with an 80186 
or 80188 
Processor. 
Also, an 82586 
Local Area 
Network 
(LAN) Coprocessor 
or 82730 
Text 
Coprocessor 
may be interfaced 
to an 8086 or 8088 with the IBC. 


OSOI 
OSll 
OSOO 
OSlO 
RESET 
HLDA 
HOLD 
RO/GTO 
SYSHOLD 
8Y8HLDA 
RO/GTl 


CSOUT 
CSIN 
v •• 


vcc 
sos; 
i2 
ALE 
AD 


WR 
DEN 
DT/R 
AEN 
ARDY 
SRDY 
SRo 


CLK 


Figure 
1. 
82188 Pin Configuration 


RESET 


CLK 


AEN 


WR 


DEN 


DT/R 
ALE 


CSIN 
CSOUT 


OSOI 
OSOO 


OSll 
OSlO 


SYSHOLD 
HOLD 


HLDA 
SYSHLDA 


Figure 
2. 
82188 Block 
Diagram 


inter 


Symbol 
Pin No. 
Type 
Name and Function 


SO 
27 
I 
Status Input Pins 


51 
26 
SO-52 
correspond 
to the status pins of the CPU. 
52 
25 
The 82188 uses the status lines to detect and identify the processor 
bus cycles. The 82188 decodes 
SO-52 
to generate 
the command 
and 


control 
signals. SO-52 
are also used to insert 3 wait states into the 


SRO line during the first 256 80186 bus cycles after RESET. A HIGH 
input on all three lines indicates 
that no bus activity is taking place. 


The status input lines contain weak internal 
pull-up devices. 


52 
51 
SO 
Bus Cycle Initiated 


0 
0 
0 
interrupt 
acknowledge 


0 
0 
1 
read I/O 


0 
1 
0 
write I/O 


0 
1 
1 
halt 


1 
0 
0 
instruction 
fetch 


1 
0 
1 
read data from memory 


1 
1 
0 
write data to memory 


1 
1 
1 
passive (no bus cycle) 


ClK 
15 
I 
CLOCK 
ClK 
is the clock signal generated 
by the CPU or clock generator 


device. ClK 
edges establish 
when signals are sampled 
and 


generated. 


RESET 
5 
I 
RESET 
RESET is a level triggered 
signal that corresponds 
to the system reset 


signal. The signal initializes 
an internal 
bus cycle counter, 
thus 


enabling 
the 82188 to insert internally 
generated 
wait states into the 


SRO signal during system initialization. 
The 82188 mode is also 


determined 
during RESET. RD, WR, and DEN are driven HIGH during 


RESET regardless 
of AEN. RESET is active HIGH. 


AEN 
19 
I 
Address 
Enable 
This signal enables 
the system command 
lines when active. If AEN is 


inactive (HIGH), RD, WR, and DEN will be tri-stated 
and ALE will be 


driven lOW 
(DT /R will not be effected). 
AEN is an asynchronous 


signal and is active lOW. 


ALE 
24 
0 
Address 
Latch Enable 
This signal is used to strobe an address into address 
latches. 
ALE is 


active HIGH and latch should occur on the HIGH to lOW 
transition. 


ALE is intended 
for use with transparent 
D-type latches. 


DEN 
21 
0 
Data Enable 
This signal is used to enable data transceivers 
located on either the 


local or system data bus. The signal is active lOW. 
DEN is tri-stated 


when AEN is inactive. 


DT/R 
20 
0 
Data TRANSMIT/RECEIVE 
This signal establishes 
the direction 
of data flow through the data 


transceivers. 
A HIGH on this line indicates 
TRANSMIT 
(write to I/O or 


memory) and a lOW 
indicates 
RECEIVE 
(Read from I/O or memory). 


Symbol 
Pin No. 
Type 
Name and Function 


RD 
23 
0 
READ 
This signal instructs 
an I/O or memory device to drive its 


data onto the data bus. The RD signal is similiar to the 
RD signal of the 80186(80188) 
in Non-Queue-Status 


Mode. RD is active LOW and is tri-stated 
when AEN is 


inactive. 


WR 
22 
0 
WRITE 


- 
This signal instructs 
an I/O or memory device to record 


the data presented 
on the data bus. The WR signal is 


r 
similiar to the WR signal of the 80186(80188) 
in Non- 


Queue-Status 
Mode. WR is active LOW and is tri-stated 


when AEN is inactive. 


HOLD 
7 
0 
HOLD 
The HOLD signal is used to request bus control 
from the 


80186 or 80188. The request can come from either the 
8087 (RQ/GTO) 
or from the third processor 
(SYSHOLD). 


The signal is active HIGH. 


HLDA 
6 
I 
HOLD Acknowledge 
80186 MODE-This 
line serves to translate 
the HLDA 


I' 
output of the 80186(80188) 
to the appropriate 
signal of 


the device requesting 
the bus. HLDA going active (HIGH) 


indicates 
that the 80186 has relinquished 
the bus. If the 


requesting 
device is the 8087, HLDA will be translated 


into the grant pulse of the RQ/GTO 
line. If the 


requesting 
device is the optional 
third processor, 
HLDA 


will be routed into the SYSHLDA 
line. 


This pin also determines 
the mode in which the 82188 


will operate. 
If this line is HIGH during the falling edge of 


RESET, the 82188 will enter the 8086 mode. If LOW, the 
82188 will enter the 80186 mode. For 8086 mode, this 
pin should be strapped 
to Vcc. 


RQ/GTO 
8 
I/O 
Request/Grant 
0 
RQ/GTO 
is connected 
to RQ/GTO 
of the 8087 Numeric 


Coprocessor. 
When initiated 
by the 8087, RQ/GTO 
will 


be translated 
to HOLD-HLDA 
to acquire the bus from the 


80186(80188). 
This line is bidirectional, 
and is active 


LOW. RQ/GTO 
has a weak internal 
pull-up device to 


prevent erroneous 
request!grant 
signals. 


RQ/GT1 
11 
I/O 
Request/Grant 
1 
80186 Mode-In 
80186 Mode, RQ/GT1 
allows a third 


processor 
to take control 
of the local bus when the 8087 


has bus control. 
For a HOLD-HLDA 
type third processor, 


the 82188's 
RQ/GT1 
line should be connected 
to the 


RQ/GT1 
line of the 8087. 


8086 MODE-In 
8086 Mode, RQ/GT1 
is connected 
to 


either RQ/GTO 
or RQ/GT1 
of the 8086. RQ/GT1 
will 


start its request! grant sequence 
when the SYSHOLD 


line goes active. In 8086 Mode, RQ/GT1 
is used to gain 


bus control 
from the 8086 or 8088. 


RQ/GT1 
is a bidirectional 
line and is active LOW. This 


line has a weak internal pull-up device to prevent 
erroneous 
request! grant signals. 


Symbol 
Pin No. 
Type 
Name and Function 
, 


SYSHOLD 
9 
I 
System 
Hold 
80186 MODE-SYSHOLD 
serves as a hold input for an 


optional 
third processor 
in an 80186(80188)-8087 
system. 


If the 80186(80188) 
has bus control, 
SYSHOLD 
will be 


routed to HOLD to gain control 
of the bus. If the 8087 has 


bus control, 
SYSHOLD 
will be translated 
to RO/GT1 
to 


gain control 
of the bus. 


8086 MODE -SYSHOLD 
serves as a hold input for a 


coprocessor 
in an 8086 or 8088 system. SYSHOLD 
is 


translated 
to RO/GT1 
of the 82188 to allow the 


coprocessor 
to take control 
of the bus. 


SYSHOLD 
may be an asynchronous 
signal. 
, 


SYSHLDA 
10 
0 
System 
Hold Acknowledge 
SYSHLDA 
serves as a hold acknowledge 
line to the 


processor 
or coprocessor 
connected 
to it. The device 


connected 
to the SYSHOLD-SYSHLDA 
lines is allowed 


the bus when SYSHLDA 
goes active (HIGH). 


SRDY 
17 
I 
Synchronous 
Ready 
The SRDY input serves the same function 
as SRDY of the 


80186(80188). 
The 82188 combines 
SRDY with ARDY to 


form a synchronized 
ready output signal (SRO). SRDY 


must be synchronized 
external to the 82188 and is active 


HIGH. If tied to Vcc, SRO will remain active (HIGH) after 
the first 25680186 
cycles following 
RESET. If only ARDY 
is to be used, SRDY should be tied LOW. 


ARDY 
18 
I 
Asynchronous 
Ready 
The ARDY input serves the same function 
as ARDY of the 


80186(80188). 
ARDY may be an asynchronous 
input, and 
is active HIGH. Only the rising edge of ARDY is 
synchronized 
by the 82188. The falling edge must be 


synchronized 
external to the 82188. If connected 
to Vcc, 


SRO will remain active (HIGH) after the first 256 80186 
bus cycles following 
RESET. If only SRDY is to be used, 
ARDY should be connected 
LOW. 


SRO 
16 
0 
Synchronous 
READY Output 
. 
SRO provides 
a synchronized 
READY signal which may 


0: 
be interfaced 
directly with the SRDY of the 80186(80188) 


and READY of the 8087. The SRO signal is an 
accumulation 
of the synchronized 
ARDY signal, the SRDY 


signal, and the internally 
generated 
wait state signal. 


OSOI 
1 
I 
Queue-Status 
Inputs 


OS11 
2 
OSOI, OS11 are connected 
to the Oueue-Status 
lines of 


the 80186(80188) 
to allow synchronization 
of the queue- 
status signals to 8087 timing requirements. 


OSOO 
3 
0 
Queue-Status 
Outputs 


OS10 
4 
OSOO, OS10 
are connected 
to the queue-status 
pins of 
the 8087. The signals produced 
meet 8087 Oueue-Status 
input requirements. 


inter 


Symbol 
Pin No. 
Type 
Name and Function 


CSIN 
13 
I 
Chip-Select 
Input 
CSIN is connected to one of the chip-select lines of the 
80186(80188). CSIN informs the 82188 that a bank select is taking 
place. The 82188 routes this signal to the chip-select output 
(CSOUT).CSIN is active LOW. This line is not used when memory 
and I/O device addresses are decoded external to the 
80186(80188). 


CSOUT 
12 
0 
Chip-Select 
Output 
This signal is used as a chip-select line for a bank of memory devices. 
It is active when CSIN is active or when the 8087 has bus control. 
CSOUT is active LOW. 


BUS CONTROLLER 


The 82188 Integrated Bus Controller (IBG) gener- 
ates system control and command signals. The sig- 
nals generated are determined by the Status Decod- 
ing LQ9!c.....I.hebus controller logic interprets stat~s 
lines SO-S2 to determine what type of bus cycle IS 
taking place. The appropriate signals are then gen- 
erated by the Command and Control Signal Genera- 
tors. 


The Address Enable (AEN) line allows the command 
and control signals to be disabled. When AEN is in- 
active (HIGH), the command signals and D~N will be 
tri-stated, and ALE will be held low (DT/R will be 
uneffected). AEN inactive will allow other systems to 
take control of the bus. Control and command sig- 
nals respond to a change in the AEN signal within 40 
ns. 


The command si~s 
consist of RD and WR. The 


82188's RD and WR signals are similiar to RD and 
WR of the 80186(80188) in the non-Queue-Status 
Mode. These command signals do not differentiate 
between memory and I/O devices. RD and WR can 
be conditioned by S2 of the 80186(80188) to obtain 
separate signals for I/O and memory devices. 


The control commands consist of Data Enable 
(DEN), Data Transmit/Receive (DT/R), and Address 
Latch Enable (ALE). The control commands are sim- 
iliar to those generated by the 80186(80188). DEN 
determines when the external bus should be en- 
abled onto the local bus. DT/R determines the di- 
rection of the data transfer, and ALE determines 
when the address should be strobed into the latches 
(used for demultiplexing the address bus). 


MODE SELECT 


The 82188 Integrated Bus Controller (IBG) is config- 
urable. The device has two modes: 80186 Mode and 
8086 Mode. Selecting the mode of the device con- 
figures the Bus Arbitration Logic (see BUS ARBI- 
TRATION section for details). In 80186 Mode, the 
82188 IBC may be used as a bus controller/inter- 
face device for an 80186(81088), 8087, and optional 
third processor system. In 8086 Mode, the 82188 
IBC may be used as an interface device allowing a 
maximum mode 8086(8088) to interface with a co- 
processor that uses a HOLD-HLDA bus exchange 
protocol. 


The mode of the 82188 is determined during RE- 
SET. If the HLDA line is LOW at the falling edge of 
RESET (as in the case when tied to the HLDA line of 
the 80186 or 80188), the 82188 will enter into 80186 
Mode. If the HLDA line is HIGH at the falling edge of 
RESET, the 82188 will enter 8086 Mode. In 8086 
Mode, only the Bus Arbitration Logic is used. The 
eight pins used in 8086 Mod~r~ 
SYSHOLD, 


SYSHLDA,HLDA,CLK,RESET,RQ/GT1,Vcc,and 
Vss. The other pins may be left unconnected. 


The Bus Exchange Logic interfaces up to three sets 
of bus exchange signals: 


• HOLD-HLDA 
• SYSHOLD-SYSHLDA 


• RQ/GTO (RQ/GT1) 


This logic executes translating, routing, and arbitrat- 
ing functions. The logic translates HOLD-HLDA sig- 
nals to 
RQ/GT 
signals and RQ/GT 
signals to 


HOLD-HLDA signals. The logic also determines 
which set of bus exchange signals are to be inter- 
faced. The mode of the 82188 and the priority of the 
devices requesting the bus determine the routing of 
the bus exchange signals. 


In 80186 Mode, a system may have three potential 
bus masters: the 80186 or 80188 CPU, the 8087 
Numerics Coprocessor, and a third processor (such 
as the 82586 LAN or 82730 Text Coprocessor). The 
third~ocessor 
may have either a HOLD-HLDA or 


RQ/GT bus exchange protocol. The possible bus 
exchange signal connections and paths for 80186 
Mode are shown in Figures 3 & 4 and Tables 1 & 2, 
respectively. If no HOLD-HLDA type third processor 
is used, SYSHOLD should be tied LOW to prevent 
an erroneous SYSHOLD signal. In 80186 mode, the 
bus priorities are: 


Highest Priority 
Third Processor 


Second Highest Priority 
8087 


Default Priority 
80186 


In the configuration shown in Figure 3, the third proc- 
essor requests the bus by sending SYSHOLD HIGH. 
The 82188 will route (and translate if necessary) the 
request to the current bus master. This includes 
routing the request to HOLD if the 80186(80188) is 
the current bus master or routing and translating the 
request to RQ/GT1 if the 8087 is in control of the 
bus. The third processor's request is not passed 
through the 8087 if the 80186 is the bus master (see 
Table 1). 


The 8087 requests the bus using RQ/GTO. The re- 
quest pulse from the 8087 will be translated and 
routed to HOLD if the 80186 is the bus master. If the 
third processor has control of the bus, the grant 
pulse to the 8087 will be delayed until the third proc- 
essor relinquishes the 
bus (sending SYSHOLD 


LOW). In this case, HOLD will remain HIGH during 
the third processor-to-8087 bus control transfer. The 
80186 will not be granted the bus until both coproc- 
essors have released it. 


Requesting 
Current Bus Master 


Device 
80186 
8087 
3rd Proc 


80186 
nla 
nla 
, 
nla 
- 


8087 
RQ/GTO __. 
HOLD 
nla 
nla 
HLDA 


3rd Proc 
SYSHOLD 
HOLD 
SYSHOLD 
__ 
__ 
--.---- 
SYSHLDA --. 
RQ/GT1 
nla 
SYSHLDA 
HLDA 


80188 
82188 
8087 


HOLD 
HOLD 


RQ/GTO 
RQ/GTO 


HLDA 
HLDA 


3RDpROC 


HLDA 
SYSHLDA 


RQ/GT1 
RQ/GT1 


HOLD 
SYSHOLD 
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Figure 3. 


Bus Exchange Signal Connections (80186 Mode) for a Three Local Processor System 


(HOLD-HLDA Type 3rd Proc) 


inter 


Requesting 
Current 
Bus Master 


Device 
80186 
8087 
3rd Proc 


80186 
n/a 
n/a 
n/a 


__ 
HOLD 
n/a 
n/a 
8087 
RQ/GTO +---+ -- 
HLDA 


__ 
__ 
HOLD 
RQ/GT1 
n/a 
3rd Proc 
RQ/GT1 
+---+ RQ/GTO +---+ HLDA 


HOLD 
HOLD 


HLDA 
HLDA 


RQ/GTO 
RQ/GTO 


RQ/GT1 
RQ/GT1 


~ 


SYSHOLD 


RQ/GT1 -Ne 


Figure 
4. 


Bus Exchange 
Signal 
Connections 
(80186 Mode) 
for a Three 
Local 
Processor 
System 


(RQ/GT 
Type 
3rd Proc) 


When the bus is requested 
from the 80186(80188), 


a bus 
priority 
decision 
is made. 
This 
decision 
is 


made when the HLDA line goes active. Upon receipt 
of the 
HLDA 
signal, 
the 
highest-priority 
requesting 


device will be acknowledged 
the bus. For example, 
if 


the 8087 initially 
requested 
the bus, the bus will be 


granted 
to the third processor 
if SYSHOLD 
became 


active 
before 
HLDA was received 
by the 82188. 
In 


this case, the grant pulse to the 8087 will be delayed 
until the third processor 
relinquishes 
the bus. 


- 
THREE-PROCESSOR 
SYSTEM 
OPERATION 


(RQ/GT 
TYPE THIRD 
PROCESSOR) 


In the configuration 
shown in Figure 4, the third proc- 


essor 
requests 
the bus by initia~ 
a request! grant 


sequence 
with the 8087's 
RQ/GT1 
line. The 8087 


will grant the bus if it is the current bus master or will 
pass the request 
on if the 80186 
is the current 
bus 


master 
(see 
Table 
2). 
In 
this 
configuration, 
the 


82188's 
Bus Arbitration 
Logic translates 
RQ/GTO 
to 


HOLD-HLDA. 
The 8087 provides 
the bus arbitration 


in this configuration. 


The 
8086 
Mode 
allows 
an 8086, 
8088 
system 
to 


contain 
both RQ/GT 
and HOLD-HLDA 
type coproc- 


essors 
simultaneously. 
In 8086 
Mode, two possible 


bus masters 
may be interfaced 
by the 
82188; 
an 


8086 or 8088 CPU and a coprocessor 
which 
uses a 


HOLD-HLDA 
bus 
exchange 
protocol 
(typically 
an 


82586 
LAN Coprocessor 
or an 82730 
Text Coproc- 


essor). 
The 
bus 
exchange 
signal 
connections 
for 


8086 
Mode 
are shown 
in Figure 
5. Bus arbitration 


signals 
used in the 8086 Mode are: 


• 
RQ/GT1 


• 
SYSHOLD 


• 
SYSHLDA 


In 8086 Mode, no arbitration 
is necessary 
since only 


two 
devices 
are 
interfaced. 
The 
coprocessor 
has 


bus 
priority 
over 
the 
8086(8088). 
SYSHOLD- 


SYSHLDA 
are routed and translated 
directly 
to RQ/ 


GT1. 
RQ/GT1 
of the 82188 
may be tied to either 


RQ/GTO 
or RQ/GT1 
of the 8086(8088). 


inter 


RQ/GT1 
RQ/GT1 


SYSHOLD 
HOLD 
t 
SYSHLDA 
HLDA 
HLDA 


RQ/GTO -- 


8087 


L......o 
RQ/GTO 


The Queue-Status 
Delay 
logic is used to delay the 


queue-status 
signals from the 80186(80188) 
to meet 


8087 queue-status 
timing 
requirements. 
QSOI, QS11 


correspond 
to 
the 
queue-status 
lines 
of 
the 


80186(80188). 
The 
82188 
delays 
these 
signals 
by 


one clock phase. The delayed 
signals are interfaced 


to the 8087 queue-status 
lines by QSOO, QS10. 


The 
Chip-Select 
Logic 
allows 
the 
utilization 
of the 


chip select 
circuitry 
of the 80186(80188). 
Normally, 
this circuitry 
could not be used in an 80186(80188)- 
8087 system 
since the 8087 contains 
no chip select 


circuitry. 
The Chip-Select 
Logic contains 
two exter- 


nal connections: 
Chip-Select 
Input (CSIN) and Chip- 


Select 
Output 
(CSOUT). 
CSOUT 
is active 
when 
ei- 


ther CSIN is active or when the 8087 has control 
of 


the bus. 


By using CSOUT 
to select 
memory 
containing 
data 


structures, 
no external 
decoding 
is necessary. 
The 


80186 
may ~ 
access 
to 
this 
memory 
bank 


through 
the CSIN line while the 8087 will automati- 


cally obtain 
access 
when 
it becomes 
the bus mas- 
ter. Note that this configuration 
limits the amount 
of 


memory 
accessible 
by the 
8087 
to 
the 
physical 


memory 
bank selected 
by CSOUT. 
Systems 
where 


the 8087 
must access 
the full 1 Megabyte 
address 


space 
must use an external 
decoding 
scheme. 


The Ready logic allows two types of Ready signals: 
a Synchronous 
Ready Signal 
(SRDY) 
and an Asyn- 


chronous 
Ready 
Signal 
(ARDY). 
These 
signals 
are 


similiar 
to 
SRDY 
and 
ARDY 
of 
the 
80186. 
Wait 


states will be inserted 
when both SRDY and ARDY 


are LOW. Inserting 
wait states allows slower 
memo- 


ry 
and 
I/O 
devices 
to 
be 
interfaced 
to 
the 


80186(80188)-8087 
system. 


ARDY's 
LOW-to-HIGH 
transition 
is synchronized 
to 


the CPU clock 
by the 82188. 
The 82188 
samples 


ARDY at the beginning 
of T2, T3 and Tw until sam- 


pled HIGH. Note that ARDY of the 82188 is sampled 
one phase earlier than ARDY of the 80186. ARDY's 
falling edge must be synchronous 
to the CPU clock. 


ARDY 
allows 
an easy 
interface 
with 
devices 
that 


emit an asynchronous 
ready signal. 


The SRDY signal allows 
direct 
interface 
to devices 


that 
emit a synchronized 
ready 
signal. 
SRDY 
must 


be synchronized 
to the 
CPU 
clock 
for both 
of its 


transitions. 
SRDY is sampled 
in the middle of T2, T3 


and 
in 
the 
middle 
of 
each 
Tw. 
An 
82188- 


80186(80188)'s 
SRDY 
setup 
time 
is 30 ns longer 


than 
the 80186(80188)'s 
SRDY 
setup 
time. 
SRDY 


eliminates 
the half-clock 
cycle penalty 
necessary 
for 


ARDY to be internally 
sychronized. 


The sychronized 
ready output 
(SRO) is the accumu- 
lation 
of SRDY, 
ARDY, 
and the 
internal 
wait-state 


inter 


generator. SRO should be connected to SRDY of 
the 80186(80188) (with 80186(80188)'s ARDY tied 
LOW), and READY of the 8087. 


SRDY 
ARDY 
SRO 


0 
0 
0 


1 
X 
1 


X 
1 
1 


The internal wait state generator allows for synchro- 
nization between the 80186(80188) and 8087 in 
80186 mode. Upon RESET,the 82188 automatically 
inserts 3 wait-states per 80186(80188) bus cycle, 
overlapped with any externally produced wait-states 
created by ARDY and SRDY. 


Since the 8087 has no provision for internal wait- 
state generation, only externally created wait states 
will be effective. The 82188, upon RESET,will inject 
3 wait states for each of the first 256 80186(80188) 
bus cycles onto the SRO line. This will allow the 
8087 to match the 80186(80186)'s timing. 


The internally-generated wait states are overlapped 
with those produced by the SRDY and ARDY lines. 
Overlapping the injected wait states insures a mini- 
mum 
of 
three 
wait 
states 
for 
the 
first 
256 


80186(80188) bus cycles after RESET. Systems 
with a greater number of wait states will not be ef- 
fected. Internal wait state generation by the 82188 
will stop on the 256th 80186(80188) bus cycle after 
RESET. To maintain sychronization between the 
80186(80188) and 8087, the following conditions 
are necessary: 


• The 
80186(80188)'s 
control 
block 
must 
be 


mapped in I/O space before it is written to or 
read from. 


• All memory chip-select lines must be set to 0 


WAIT STATES, EXTERNAL READY ALSO USED 
within the first 256 80186(80188) bus cycles after 
RESET. 


An equivalent READY logic diagram is shown in 
Figure 6. 


In any 82188 configuration, clock compatibility must 
be considered. Depending on the device, a 50% or a 
33% duty-cycle clock is needed. For example, the 
80186 and 80188 (as well as the 82188,82586, and 
82730) requires a 50% duty-cycle clock. The 8086, 
8088 and their 'kit' devices' (8087, 8089, 8288, and 
8289) clock requirements, on the other hand, require 
a 33% duty-cycle clock signal. The system designer 
must make sure clock requirements of all the devic- 
es in the system are met. 


Figure 7 demonstrates the usage of the 82188 in 
80186 Mode where it is used to interface an 8087 
into an 80186 system. 


Status bit six (S6) from the main processor (8086, 
8088, 80186, or 80188) is used by the 8087 to track 
the instruction flow. S6 is multiplexed with address 
bit 19 (A19). If the third processor generates only 16 
bits of address, S6 is not generated. A19/56 must 
be driven high by external circuitry during the status 
portion of bus cycles controlled by the third proces- 
sor. 
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ARDY 
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RD 
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SRDY 
RESETOUT 
CLOCKOUT 


INTO 
S2 


TEST 
51 
SO 


BUSY 
SO 
INT 
Sl 
S2 
CLK 
RESET 


RDY 
QSO 


QSl 


RQ/GTO 
RQ/GTl 


SYS 
SYS 
HOLD HLD 


HLDA 
HOLD 
CSIN 


QSOI 


QS1I 


S2 
Sl 


SO 
CLK 
RESET 
SRO 


DTiR" 


DEN 


QSOO 
QS10 


inter 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Temperature 
Under Bias 
O·C to 70·C 


Storage Temperature 
- 65·C to 150·C 


Case Temperature 
...........•..... 
O·C to + 85·C 


Voltage 
on any Pin with 
Respect 
to GND 
-1.0V 
to 7.0V 


Power Dissipation 
0.7 Watts 
NOTICE Specifications contained within the 
following tables are subject to change. 
DC CHARACTERISTICS 
(Vcc = 5V ± 10%, TA = O·C to 70·C, TCASE = O·C to + 85·C) 


Symbol 
Parameter 
Min 
Max 
Units 
TestCond. 


VIL 
Input Low Voltage 
-0.5 
+0.8 
volts 


VIH 
Input High Voltage 
2.0 
VCC + 0.5 
volts 


VOL 
Output 
Low Voltage 
0.45 
volts 
IOL = 2mA 


VOH 
Output High Voltage 
2.4 
volts 
IOH = -400 
IJ-A 


Ice 
Power Supply Current 
100 
mA 
TA = 25·C 


III 
Input Leakage Current 
±10 
IJ-A 
OV<VIN<VCC 


ILO 
Output 
Leakage Current 
±10 
IJ-A 
0.45 <VOUT<VCe 


VCLI 
CLK Input Low Voltage 
-0.5 
+0.6 
volts 


VCHI 
CLK Input High Voltage 
3.9 
Vec 
+1.0 
volts 


CIN 
Input Capacitance 
10 
pF 


CIO 
110 Capacitance 
20 
pF 


AC CHARACTERISTICS 
(Vce = 5V ± 10%, TA = O·C to 70·C, TeASE = O·C to +85·C) 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


TCLCL 
Clock Period 
125 
500 
ns 


TCLCH 
Clock LOW Time 
%TCLCL-7.5 
ns 


TCHCL 
Clock HIGH Time 
%TCLCL-7.5 
ns 


TARYHCL 
ARDY Active Setup Time 
20 
ns 


TCHARYL 
ARDY Hold Time 
15 
ns 
8 


TARYLCH 
ARDY Inactive Setup Time 
35 
ns 


TSRYHCL 
SRDY Input Setup Tim~ 
65,50 
ns 
1 


TSVCH 
STATUS Active Setup Time 
55 
ns 


TSXCL 
STATUS 
Inactive Setup Time 
50 
ns 


TOIVCL 
OSOI, OS11 Setup Time 
15 
ns 


THAVGV 
HLDA Setup Time 
50 
ns 


TSHVCL 
SYSHOLD 
Asynchronous 
Setup Time 
25 
ns 


TGVCH 
RO/GT 
Input Setup Time 
0 
ns 
6 


- 
-. 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


TSVLH 
STATUS Valid to ALE Delay 
30 
ns 
4 


TCHLL 
ALE Inactive 
Delay 
30 
ns 


TCLML 
RD, WR Active Delay 
10 
70 
ns 


TCLMH 
RD, WR Inactive 
Delay 
10 
55 
ns 


TSVDTV 
STATUS to DT / R Delay 
30 
ns 
3 


TCLDTV 
DT /R Active Delay 
55 
ns 
3 


TCHDNV 
DEN Active Delay 
10 
55 
ns 


TCHDNX 
DEN Inactive 
Delay 
10 
55 
ns 


TCLOOV 
OSOO, OS10 
Delay 
5 
50 
ns 


TCHHV 
HOLD Delay 
50 
ns 
2,6 


TCLSAV 
SYSHLDA 
Delay 
50 
ns 
6 


TCLGV 
RO/GT 
Output Delay 
40 
ns 
6 


TGVHV 
RO/GTO To HOLD Delay 
50 
ns 
2,6 


TCLLH 
ALE Active Delay 
30 
ns 
4 


TAELCV 
Command 
Enable Delay 
40 
ns 


TAEHCX 
Command 
Disable Delay 
40 
ns 


TCHRO 
SRO Output Delay 


, 


5 
30 
5,6 
ns 


TSRYHRO 
SRDY To SRO Delay 
30 
ns 
5 


TCSICSO 
CSIN To CSOUT Delay 
30 
ns 


TCLCSOV 
CLK Low to CSOUT Delay 
10 
ns 


TCLCSOH 
CLK Low to CSOUT Inactive Delay 
10 
ns 


NOTES 
(applicable to both spec listing and timing diagrams): 
1. TSAYHOL = (80186's) TSAYCL + 30 ns=65 ns for 6 MHz operation and 50 ns for 8 MHz operation. 
2. Timing not tested. 
3. DT/R" will be asserted to the latest of TSVDTV & TCLDTV. 
4. ALE will be asserted to the latest of TSVLrl & TCLLH. 
5. SAO will be asserted to the latest of TCHAO & TSAYHAO. 
6. CL = 20-100 pF 
7. Address/Data bus shown for reference only. 
8. The falling edge of AADY must be synchronized to CLK. 


A.C. TESTING 
INPUT, 
OUTPUT 
WAVEFORM 


INPUT/OUTPUT 
,..==x~"., 
'0,"" ---v:;- 


0.45 
.--- 
I"C- 


231051-9 


A.C, Testing: 
Inputs 
are driven 
at 2.4V for a Logic 
'1' and 0.45V 


for a Logic 
'0', 


DEVICE 
UNDER 
TEST 


CL includes 
Jig Capacitance 


CL ~ 
20-200 
pF unless 
otherwise 
noted 


inter 


~CHRO 
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------------ 
® 


inter 


inter 
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tTcLcsoV 
F~CLCSOH 
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----I 
-s 
------ 


231051-15 
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_ 


AEN 
)__ 
~~mcv 
j 
i=TAEHCX 
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_ 


DTfR,DEN 


C51N 
~ 


=================-_--_:r 
t=_TC_51_C_5_0 
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CSOUT 
.*. 
----------- 


inter 
APPLICATION 
NOTE 


AP-186 


Introduction to the 80186 


Microprocessor 


inter 


As state of the art technology has increased the number 
of transistors 
possible on a single integrated circuit, 
these devices have attained new, higher levels of both 
performance and functionality. Riding this crest are the 
Intel 
80186 and 
80286 microprocessors. 
While the 


80286 has added memory protection and management 
to the basic 8086 architecture, the 80186 has integrated 
six separate functional blocks into a single device. 


The purpose of this note is to explain, through example, 
the use of the 80186 with various peripheral and memo- 
ry devices. Because the 80186 integrates a DMA unit, 
timer unit, interrupt controller unit, bus controller unit 
and chip select and ready generation unit with the CPU 


on a single chip (see Figure I), system construction is 
simplified since many of the peripheral interfaces are 
integrated onto the device. 


The 80186 family actually consists of two processors: 
the 80186 and 80188. The only difference between the 
two processors is that the 80186 maintains a 16-bit ex- 
ternal data bus while the 80188 has an 8-bit external 
data bus. Internally, 
they both implement the same 


processor with the same integrated peripheral compo- 
nents. Thus, except where noted, all 80186 information 
in this note also applies to the 80188. The implications 
of having an 8-bit external data bus on the 80188 are 
explicitly noted in Appendix I. Any parametric values 
indicated in this note are taken from 80186 data sheet 
and refer to 8 MHz devices. Different values apply to 
10 MHz devices. 
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The 80186 CPU shares a common base architecture 
with the 8086, 8088 and 80286. It is completely object 
code compatible with the 8086/88. This architecture 
features four 16-bit general purpose registers (AX, BX, 
CX, OX) which may be used as operands in most arith- 
metic operations in either 8 or 16 bit units. It also fea- 
tures four 16-bit "pointer" 
registers (SI, 01, BP, SP) 


which may be used both in arithmetic operations and in 
accessing memory based variables. Four 16-bit segment 
registers (CS, OS, SS, ES) are provided allowing simple 
memory partitioning 
to aid construction 
of modular 


programs. Finally, it has a 16-bit instruction pointer 
and a 16-bit status register. 


Physical memory addresses are generated by the 80186 
identically to the 8086. The 16-bit segment value is left 
shifted 4 bits and then is added to an offset value which 
is derived from combinations of the pointer registers, 
the instruction pointer, and immediate values (see Fig- 
ure 2). Any carry out of this addition is ignored. The 
result of this addition is a 20-bit physical address which 
is presented to the system memory. 


The 80186 has a 16-bit ALU which performs 8 or 16- 
bit arithmetic and logical operations. It provides for 
data movement 
among registers, memory and I/O 


space. In addition, the CPU allows for high speed data 
transfer from one area of memory to another using 
string move instructions, and to or from an I/O port 
and memory using block I/O instructions. Finally, the 
CPU provides a wealth of conditional branch and other 
control instructions. 


In the 80186, as in the 8086, instruction fetching and 
instruction execution are performed by separate units: 
the bus interface unit and the execution unit, respec- 
tively. The 80186 also has a 6-byte prefetch queue as 
does the 8086. The 80188 has a 4-byte prefetch queue 
as does the 8088. As a program is excecuting, opcodes 
are fetched from memory by the bus interface unit and 
placed in this queue. Whenever the execution unit reo 
quires another instruction, it takes it out of the queue. 
Effective processor throughput is increased by adding 
this queue, since the bus interface unit may continue to 
fetch instructions while the execution unit executes a 
long instruction. Then, when the CPU completes this 
instruction, it does not have to wait for another instruc- 
tion to be fetched from memory. 


Although the 80186 is completely object code compati- 
ble with the 8086, most of the 8086 instructions require 
fewer clock cycles to execute on the 80186 than on the 
8086 because of hardware enhancements in the bus in- 
terface unit and the execution unit. In addition, the 
80186 provides many new instructions which simplify 
assembly language programming, enhance the perform- 
ance of high level language implementations, and re- 
duce object code sizes for the 80186. A complete de- 
scription of the architecture and instruction execution 
of the 
80186 can be found 
in volume 
I of the 


8086/80186 Users Manual. The algorithm for the new 
instructions are also given in appendix H of this note. 


The 80186 includes a OMA unit which provides two 
high speed OMA channels. This OMA unit will per- 
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form transfers to or from any combination of I/O space 
and memory space in either byte or word units. Every 
DMA cycle requires two to four bus cycles, one or two 
to fetch the data to an internal register, and one or two 
to deposit the data. This allows word data to be located 
on odd boundaries, or byte data to be moved from odd 
locations to even locations. This is normally difficult, 
since odd data bytes are transferred on the upper 8 data 
bits of the 16-bit data bus, while even data bytes are 
transferred on the lower 8 data bits of the data bus. 


Each 
DMA 
channel 
maintains 
independent 
20-bit 


source and destination pointers which are used to ac- 
cess the source and destination of the data transferred. 
Each of these pointers may independently address ei- 
ther I/O or memory space. After each DMA cycle, the 
pointers 
may be independently 
incremented, 
decre- 


mented, or maintained constant. Each DMA channel 
also maintains a transfer count which may be used to 
terminate a series of DMA transfers after a pre-pro- 
grammed number of transfers. 


The 80186 includes a timer unit which contains 3 inde- 
pendent l6-bit timer/counters. 
Two of these timers can 


be used to count external events, to provide waveforms 
derived from either the CPU clock or an external clock 
of any duty cycle, or to interrupt the CPU after a speci- 
fied number of timer "events". The third timer counts 
only CPU clocks and can be used to interrupt the CPU 
after a programmable number of CPU clocks, to give a 
count pulse to either or both of the other two timers 
after a programmable number of CPU clocks, or to give 
a DMA request pulse to the integrated DMA unit after 
a programmable number of CPU clocks. 


The 80186 includes an interrupt controller. This con- 
troller arbitrates interrupt requests between all internal 
and external sources. It can be directly cascaded as the 
master to two external 8259A interrupt controllers. In 
addition, it can be configured as a slave controller. 


The 80186 includes a clock generator and crystal oscil- 
lator. The crystal oscillator can be used with a parallel 
resonant, fundamental mode crystal at 2X the desired 
CPU clock speed (i.e., 16 MHz for an 8 MHz 80186), 
or with an external oscillator also at 2X the CPU clock. 
The output of the oscillator is internally divided by two 
to provide the 50% duty cycle CPU clock from which 
all 80186 system timing derives. The CPU clock is ex- 
ternally available, and all timing parameters are refer- 
enced to this externally available signal. The clock 


generator also provides ready synchronization for the 
processor. 


2.7 Chip Select and Ready Generation 


Unit 


The 80186 includes integrated chip select logic which 
can be used to enable memory or peripheral devices. Six 
output lines are used for memory addressing and seven 
output lines are used for peripheral addressing. 


The memory chip select lines are split into 3 groups for 
separately addressing the major memory areas in a typi- 
cal 80186 system: upper memory for reset ROM, lower 
memory for interrupt vectors, and mid-range memory 
for program memory. The size of each of these regions 
is user programmable. The starting location and ending 
location of lower memory and upper memory are fixed 
at OOOOOHand FFFFFH respectively; the starting loca- 
tion of the mid-range memory is user programmable. 


Each of the seven peripheral select lines address one of 
seven contiguous 128 byte blocks above a programma- 
ble base address. This base address can be located in 
either memory or I/O space in order that peripheral 
devices may be I/O or memory mapped. 


Each of the programmed chip select areas has associat- 
ed with it a set of programmable 
ready bits. These 


ready bits control an integrated wait state generator. 
This allows a programmable number of wait states (0 to 
3) to be al,1tomatically inserted whenever an access is 
made to the area of memory associated with the chip 
select area. In addition, each set of ready bits includes a 
bit which determines whether the external ready signals 
(ARDY and SRDY) will be used, or whether they will 
be ignored (i.e., the bus cycle will terminate 
even 


though a ready has not been returned on the external 
pins). There are 5 total sets of ready bits which allow 
independent ready generation for each of upper memo- 
ry, lower memory, mid-range memory, peripheral de- 
vices 0-3 and peripheral devices 4-6. 


The integrated peripheral and chip select circuitry is 
controlled by sets of l6-bit registers accessed using 
standard input, output, or memory access instructions. 
These peripheral control registers are all located within 
a 256 byte block which can be placed in either memory 
or I/O space. Because they are accessed exactly as if 
they were external devices, no new instruction types are 
required to access and control the integrated peripher- 
als. For more information concerning the interfacing 
and accessing of the integrated 80186 peripherals not 
included in this note, please consult the 80186 data 
sheet, or the 8086/80186 User's Manual Hardware Ref- 
erence. 


inter 


The 80186 bus structure is very similar to the 8086 bus 
structure. It includes a multiplexed address/data 
bus, 


along with various control and status lines (see Table 
1). Each bus cycle requires a minimum of 4 CPU clock 
cycles along with any number of wait states required to 
accommodate the speed access limitations of external 
memory or peripheral devices. The bus cycles initiated 
by the 80186 CPU are identical to the bus cycles intiti- 
ated by the 80186 integrated DMA unit. 


Each clock cycle of the 80186 bus cycle is called a "T" 
state, and are numbered sequentially Tio T2' T3' Tw 
and T4. Additional idle T states (Tj) can occur between 
T4 and T) when the processor requires no bus activity 
(instruction fetches, memory writes, I/O reads, etc.). 
The ready signals control the number of wait states 
(tw) inserted in each bus cycle. The maximum number 
of wait states is unbounded. 
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The beginning of a T state is signaled by a high to low 
transition of the CPU clock. Each T state is divided 
into two phases, phase 1 (or the low phase) and phase 2 
(or the high phase) which occur during the low and 
high levels of the CPU clock respectively (see Figure 3). 


Different types of bus activity occur for all of the 
T-states (see Figure 4). Address generation information 
occurs during T), data generation during T2' T3' Tw 


Figure 
4. Example 
Bus Cycle 
of the 80186 


Table 
1.80186 
Bus Signals 


Function 
Signal 
Name 


address/data 
ADO-AD15 


address/ 
status 
A 16/53-A 
19-56, SHE/57 


co-processor 
control 
TE5T 


local bus arbitration 
HOLD, HLDA 
local bus control 
ALE, RD, WR, DT/R, DEN 


multi-master 
bus 
LOCK 


ready (wait) interface 
5RDY,ARDY 


status information 
50-52 
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ClOCK 


OUT 
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STATUS 
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T•• 
T. 
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ClOCK 
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STAM 
AcnVE 
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STATUS 
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and T4. The beginning of a bus cycle is signaled by the 
status lines of the processor going from a passive state 
(all high) to an active state in the middle of the T-state 
immediately before TI (either a T4 or a Tj). Because 
information concerning an impending bus cycle occurs 
during the T-state immediately before the first T-state 
of the cycle itself, two different types of T4 and Tj can 
be generated: one where the T state is immediately fol- 
lowed by a bus cycle, and one where the T state is 
immediately followed by an idle T state. 


During the fIrSt type of T4 or Tj, status information 
concerning the impending bus cycle is generated for the 
bus cycle immediately to follow. This information will 
be available no later than tCHSV(55 ns) after the low- 
to-high transition of the 80186 clock in the middle of 
the T state. During the second type of T4 or Tj the 
status outputs remain inactive (high), since no bus cycle 
is to be started. This means that the decision per the 
nature of aT 4 or Tj state (i.e., whether it is immediately 
followed by a Tj or a TI) is decided at the beginning of 
the T-state immediately preceding the T4 or Tj (see Fig- 
ure 5). This has consequences for the bus latency time 
(see section 3.3.2 on bus latency). 


Physical addresses are generated by the 80186 during 
T 1 of a bus cycle. Since the address and data lines are 
multiplexed on the same set of pins, addresses must be 
latched during T 1if they are required to remain stable 


for the duration of the bus cycle. To facilitate latching 
of the physical address, the 80186 generates an active 
high ALE (Address Latch Enable) signal which can be 
directly connected to a transparent latch's strobe input. 


Figure 6 illustrates the physical address generation pa- 
rameters of the 80186. Addresses are guaranteed valid 
no greater than tCLAV(55 ns) after the beginning of T 10 
and remain valid at least tCLAX(10 ns) after the end of 
T I. The ALE signal is driven high in the middle of the 
T state (either T4 or Tj) immediately preceding TI and 
is driven low in the middle of T 10 no sooner than 
tAVLL (30 ns) after addresses become valid. This pa- 
rameter (tAVLL)is required to satisfy the address latch 
set-up times of address valid until strobe inactive. Ad- 
dresses remain stable on the address/data 
bus at least 


tLLAX (30 ns) after ALE goes inactive to satisfy ad- 
dress latch hold times of strobe inactive to address in- 
valid. 


Because ALE goes high long before addresses become 
valid, the delay through the address latches will be 
chiefly the propagation delay through the latch rather 
than the delay from the latch strobe, which is typically 
longer than the propagation delay. For the Intel 8282 
latch, this parameter is tIVOV,the input valid to output 
valid delay when strobe is held active (high). Note that 
the 80186 drives ALE high one full clock phase earlier 
than the 8086 or the 8288 bus controller, and keeps it 
high throughout the 8086 or 8288 ALE high time (i.e., 
the 80186 ALE pulse is wider). 


ClOCK 
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NOTES: 
1. teHLH: Clock high to ALE high = 35 ns max 
2. teLAV:Clock low to address 
valid = 55 ns max 


3. teHLL:Clock high to ALE low = 35 ns max 
4. teLA><:Clock low to address 
invalid (address 
hold from clock low) = 10 ns min 


5. tLLAX:ALE low to address 
invalid (address 
hold from ALE) = 30 ns min 


6. tAVLL:Address valid to ALE low (address 
setup to ALE) = 30 ns min 


A 
typical 
circuit 
for 
latching 
physical 
addresses 
is 


shown 
in Figure 
7. This circuit 
uses 3 8282 transparent 


octal 
non-inverting 
latches 
to demultiplex 
all 20 ad- 


dress bits provided 
by the 81086. Typically, 
the upper 4 


address 
bits 
are 
used 
only 
to 
select 
among 
various 


memory 
components 
or subsystems, 
so when 
the inte- 


grated 
chip selects (see section 
8) are used, these upper 


bits need not be latched. 
The worst case address 
genera- 


tion time from 
the beginning 
of T I (including 
address 


latch 
propagation 
time 
(tIVOV) of the 
Intel 
8282) for 


the circuit 
is: 
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Figure 7. Demultiplexlng 
the Address 
Bus of the 80186 
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Many memory or peripheral devices may not require 
addresses to remain stable throughout a data transfer. 
If a system is constructed wholly with these types of 
devices, addresses need not be latched. In addition, two 
of the peripheral chip select outputs of the 80186 may 
be configured to provide latched AI and A2 outputs for 
peripheral register selects in a system which does not 
demultiplex the address/data 
bus. 


One more signal is generated by the 80186 to address 
memory: BHE (Bus High Enable). This signal, along 
with AO, is used to enable byte devices connected to 
either or both halves (bytes) of the 16-bit data bus (see 
section 3.1.3 on data bus operation section). Because 
AOis used only to enable devices onto the lower half of 
the data bus, memory chip address inputs are usually 
driven by address bits AI-AI9, 
NOT AO-AI9. 
This 


provides 512K unique word addresses, or 1M unique 
BYTE addresses. 


Of course, BHE is not present on the 8 bit 80188. All 
data transfers occur on the 8 bits of the data bus. 


Throughout T2' T3' Tw and T4 of a bus cycle the mul- 
tiplexed address/data 
bus becomes a 16-bit data bus. 
Oata transfers on this bus may be either in bytes or in 
words. All memory is byte addressable, that is, the up- 
per and lower byte of a 16-bit word each have a unique 
byte address by which they may be individually ac- 
cessed, even though they share a common word address 
(see Figure 8). 


All bytes with even addresses (AO = 0) reside on the 
lower 8 bits of the data bus, while all bytes with odd 
addresses (AO = I) reside on the upper 8 bits of the 
data bus. Whenever an access is made to only the even 
byte, AO is driven low, BHE is driven high, and the 
data transfer occurs on 00-07 
of the data bus. When- 


ever an access is made to only the odd byte, BHE is 
driven low, AO is driven high, and the data transfer 


occurs on 08-015 
of the data bus. Finally, if a word 


access is performed to an even address, both AO and 
BHE are driven low and the data transfer occurs on 
00-D15. 


Word accesses are made to the addressed byte and to 
the next higher numbered byte. If a word access is per- 
formed to an odd address, two byte accesses must be 
performed, the first to access the odd byte at the first 
word address on 08-015, 
the second to access the 


even byte at the next sequential word address on 00- 
07. For example, in Figure 8, byte 0 and byte I can be 
individually accessed (read or written) in two separate 
bus cycles (byte accesses) to byte addresses 0 and 1 at 
word address O.They may also be accessed together in 
a single bus cycle (word access) to word address O. 
However, if a word access is made to address I, two bus 
cycles will be required, the first to access byte 1 at word 
address 0 (note byte 0 will not be accessed), and the 
second to access byte 2 at word address 2 (note byte 3 
will not be accessed). This is why all word data should 
be located at even addresses to maximize processor per- 
formance. 


When byte reads are made, the data returned on the 
half of the data bus not being accessed is ignored. When 
byte writes are made, the data driven on the half of the 
data bus not being written is indeterminate. 


Because the 80188 externally has only an 8-bit data bus, 
the above discussion about upper and lower bytes of the 
data bus does not apply to the 80188. No performance 
improvement will occur if word data is placed on even 
boundaries in memory space. All word accesses require 
two bus cycles, the first to access to lower byte of the 
word; the second to access the upper byte of the word. 


Any 80188 access to the integrated peripherals must be 
done 16 bits at a time: thus in this special case, a word 
access will occur in a single bus cycle in the 80188. The 
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Because of the bus drive capabilities of the 80186 (200 
pF, sinking 2 mA, sourcing 400 itA, roughly twice that 
of the 8086), this bus may not require additional buffer- 
ing in many small systems. If data buffers are not used 
in the system, care should be taken not to allow bus 
contention between the 80186 and the devices directly 
connected to the 80186 data bus. Since the 80186 floats 
the address/data 
bus before activating any command 


lines, the only requirement on a directly connected de- 
vice is that it floats its output drivers after a read 
BEFORE the 80186 beings to drive address information 
for the next bus cycle. The~ameter 
of interest here is 


the minimum time from RD inactive until addresses 
active for the next bus cycle (tRHAv) which has a mini- 
mum value of 85 ns. If the memory or peripheral device 
cannot disable its output drivers in this time, data buff- 
ers will be required to prevent both the 80186 and the 
peripheral or memory device from driving these lines 
concurrently. Note, this parameter is unaffected by the 
addition of wait states. Data buffers solve this problem 
because their output float times are typically much fast- 
er than the 80186 required minimum. 


If the buffers are require~ 
the 80186 provides DEN 


(~ata 
ENa~le) ~nd DT/R 
(Data Transmit/Receive) 


slgna~ to slmphfy buffer interfacing. The DEN and 
DT/R 
signals are activated 
during 
all bus cycles, 


whether or not the cycle addresses buffered devices. 


80181 SIGNAl 


AD8-D15 


DEN 


BUFFERED 


DEViCES 


SELECT 


is either ready to receive data (during a read) or when 
the processor is ready to send data (during a write) 
(that is, any time during an active bus cycle when ad- 
dress information is not being generated on the ad- 
dress/data 
pins). In most systems, the DEN signal 


should NOT be directly connected to the OE input of 
buffers, since unbuffered devices (or other buffers) may 
be directly connected to the processor's address/data 
pins. If DEN were directly connected to several buffers, 
contention would occur during read cycles, as many 
devices attempt to drive the processor bus. Rather, it 
should be a factor (along with the chip selects for buff- 
ered devices) in generating the output enable input of a 
bi-directional buffer. 


The DT/R 
signal determines 
the direction of data 


propagation through the bi-directional bus buffers. It is 
high whenever data is being driven out from the proces- 
sor, and is low whenever data is being read into the 
processor. Unlike the DEN signal, it may be directly 
connected to bus buffers, since this signal does not usu- 
ally directly enable the output drivers of the buffer. An 
example data bus subsystem supporting both buffered 
and unbuffered devices is shown in Figure 9. Note that 
the A side of the 8286 buffer is connected to the 80186 
the B side to the external device. The B side of th~ 
buffer has greater drive capacity than the A side (since 
it is meant to drive much greater loads). The DT/R 
signal can directly drive the T (transmit) signal of the 
bu~er, since it has the correct polarity for this configu- 
ratIon. 
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NOTES: 
1. tCLAZ: Clock 
low until address 
float = 35 ns max 
2. IcLRL: Clock 
low until RD active = 70 ns max 
3. tAZRL: Address 
float 
until RD active 
= 0 ns min 


4. tovCL: 
Data valid until clock 
low (data input set-up 
time) = 20 ns min· 
5. IcLDX: Clock 
low unitl data invalid 
(data input hold time from clock) 
= 10 ns min· 
6. IcLRH: Clock 
low until RD high = 10 ns min 


7. tRHAV: RD high until addresses 
valid = 85 ns min 


8. tRHOX: Read high until data invalid 
(data input hold from 
RD) = 0 ns min· 
·Input 
requirements?f 
80186, 
all others 
are output 
characteristics 


FI~ure10. Read Cycle Timing of the 80186 


The 80186 directl~vides 
the control signals RD. 


WR. LOCK and TEST. In addition. the 80186 pro- 
vides the status signals SO-S2 and S6 from which all 
other required bus control signals can be generated. 


The RD and WR signals strobe data to or from memo- 
ry or I/O space. The RD signal is driven low off the 
beginning of T2. and is driven high off the beginning of 
:!!...during all memory and I/O reads (see Figure 10). 
RD will not become active until the 80186 has ceased 
driving address information on the address/data 
bus. 


Data is sampled into the processor at the beginning of 
T4. RD will not go inactive until the processor's data 
hold time (10 ns) has been satisfied. 


Note that the 80186 does not provide separate I/O and 
memory RD signals. If separate I/O read and memory 
read signals are required, they can be synthesized using 
the S2 signal (which is low for all 110 ~ations 
and 


high for all memory operations) and the RD signal (see 
Figure II). It should be noted that if this approach is 
used. the S2 signal will require latching, since the S2 
signal (like SOand SI) goes to ~assive 
state well be- 


fore the beginning ofT4 (where RD goes inactive). IfS2 
was directly used for this purpose, the type of read 
command (I/O or memory) could change just before 
T4 as S2 goes to the passive state (high). The status 
signals may be latched using ALE in an identical fash- 
ion as is used to latch the address signals (often using 
the spare bits in the address latches). 


Often the lack of a separate I/O and memory RD sig- 
nal is not important in an 80186 system. Each of the 


80186 chip select signals will respond on only one of 
memory or I/O accesses (the memory chip selects re- 
spond only to accesses memory space; the peripheral 
chip selects can respond to accesses in either I/O or 
memory space, at programmer option). Thus, the chip 
select signal enables the external device only during ac- 
cesses to the proper address in the proper space. 


The WR signal is also driven low ofTthe beginning of 
T2 and driven3h 
ofTthe b~ning 
of T4 (see Figure 


12). Like the RD signal, the WR signal is active for all 
memory and I/O writes, and also like the RD signal, 
separate I/O and memory writes may be generated us- 
ing the latched S2 signal along with the WR signal. 
More importantly, however, is the active going edge of 
write. At the time WR makes its active (high to low) 
transition, valid write data is NOT present on the data 
bus. This has consequences when using this signal as a 
write enable signal for DRAMs and iRAMs since both 
of these devices require that the write data be stable on 
the data bus at the time of the inactive to active tran- 
sition of the WE signal. In DRAM applications, this 
problem is solved by a DRAM controller (such as the 
Intel 8207 or 8203), while with iRAMs this problem 


may be solved by placing cross-coupled NAND gates 
between the CPU and the iRAMS on the WR line (see 
~re 
13). This will delay the active going edge of the 


WR signal to the iRAMs by a clock phase, allowing 
valid data to be driven onto the data bus. 


3.1.6.2 Queue Status 
Signals 


If the RD line is externally grounded during reset and 
remains 
grounded 
during 
processor 
operation, 
the 


80186 will enter "queue status" mode. When in this 
mode, the WR and ALE signals become queue status 
outputs, reflecting the status of the internal prefetch 
queue during each clock cycle. These signals are pro- 
vided to allow a processor extension (such as the Intel 
8087 floating point processor) to track execution of in- 
structions within the 80186. The interpretation of QSO 
(ALE) and QSl (WR) are given in Table 2. These sig- 
nals change on the high-to-low clock transition, one 
clock phase earlier than on the 8086. Note that since 
execution unit operation is independent of bus interface 
unit operation, queue status lines may change in any T 
state. 


NOTES: 
1. tCLDV:Clocklowuntildata valid = 44 ns max 
2. !cVCTV:ClocklowuntilWR active = 50 ns max 
3. !cVCTX:ClocklowuntilWR inactive = 55 ns max 
4. !cLDOX:Clockhighuntildata invalid= 10 ns min 
5. tWHDX:WR inactiveuntildata invalid= !cLCL- 40 


= 85 ns min 


DELAYED 
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(DATA VALID 
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inter 


Q51 
Q50 
Interpretation 


0 
0 
no operation 


0 
1 
first byte of instruction taken 
from queue 


1 
0 
queue was reinitialized 


1 
1 
subsequent 
byte of instruction 


taken from queue 


Since the ALE, RD, and WR signals are not directly 
available from the 80186 when it is configured in queue 
status mode, these signals must be derived from the 
status lines SO-S2 using an external 8288 bus controller 
(see below). To prevent the 80186 from accidentally 
entering queue status mode during reset, the RD line is 
internally provided with a weak pullup device. RD is 
the ONLY three-state or input pin on the 80186 which 
is supplied with a pullup or pulldown device. 


The 80186 provides 3 status outputs which are used to 
indicate the type of bus cycle currently being executed. 
These signals go from an inactive state (all high) to one 
of seven possible active states during the T state imme- 
diately preceding T 1 of a bus cycle (see Figure 5). The 
possible status line encodings and their interpretations 
are given in Table 3. The status lines are driven to their 
inactive state in the T state (T3 or Tw) immediately 
preceding T4 of the current bus cycle. 


The status lines may be directly connected to an 8288 
bus controller, which can be used to provide local bus 
control signals or multi-bus control signals (see Figure 
14). Use of the 8288 bus controller does not preclude 
the use of the 80186 generated RD, WR and ALE sig- 
nals, however. The 80186 directly generated signals, 
may be used to provide local bus control signals, while 
an 8288 is used to provide multi-bus control signals, for 
example. 


Figure 14.80186/8288 Bus Controller 
Interconnection 
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0 
0 
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0 
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1 
halt 
1 
0 
0 
instruction fetch 
1 
0 
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read memory 
1 
1 
0 
write memory 
1 
1 
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The 80186 provides two additional status signals: S6 
and S7. S7 is equivalent to BHE (see section 3.1.2) and 
appears on the same pin as BHE. BHE/S7 
changes 


state at the beginning of the T1 state in the bus cycle. 
BHE/S7 does not need to be latched, Le., it may be 
used directly as the BHE signal. S6 provides informa- 
tion concerning the unit generating the bus cycle. It is 
time multiplexed with A19, and is available during T2' 
T3' T4 and Tw. In the 8086 family, all central proces- 
sors (e.g., the 8086, 8088 and 8087) drive this line low, 
while all I/O processors (e.g., 8089) drive this line high 
during 
their 
respective 
bus cycles. Following 
this 


scheme, the 80186 drives this line low whenever the bus 
cycle is generated by the 80186 CPU, but drives it high 
when the bus cycle is generated by the integrated 80186 
DMA unit. This allows external devices to distinguish 
between bus cycles fetching data for the CPU from 
those transfering data for the DMA unit. 


Three other status signals are available on the 8086 but 
not on the 80186. They are S3, S4, and S5. Taken to- 
gether, S3 and S4 indicate the segment register from 
which the current physical address drives. S5 indicates 
the state of the interrupt flip-flop. On the 80186, these 
signals will ALWAYS be low. 


Finally, the 80186 provides a TEST input and a LOCK 
output. The TEST input is used in conjunction with the 
processor WAIT instruction. It is typically driven by a 
processor extension (like the 8087) to indicate whether 
it is busy. Then, by executing the WAIT (or FWAIT) 
instruction, the central processor may be forced to tem- 
porarily suspend program execution until the processor 
extension indicates that it is idle by driving the TEST 
line low. 


The LOCK output is driven low whenever the data 
cycles of a LOCKED 
instruction 
are executed. A 


LOCKED 
instruction 
is 
generated 
whenever 
the 


LOCK prefix occurs immediately before an instruction. 


The LOCK prefix is active for the single instruction 
immediately following the LOCK prefix. This signal is 
used to indicate to a bus arbiter (e.g., the 8289) that a 
series of locked data transfers is occurring. The bus 
arbiter should under no circumstances release the bus 
while locked transfers are occurring. The 80186 will 
not recognize a bus HOLD, nor will it allow DMA 
cycles to be run by the integrated DMA controller dur- 
ing locked data transfers. LOCKED transfers are used 
in multiprocessor systems to access memory based sem- 
aphore variables which control access to shared system 
resources. 


On the 80186, the LOCK signal will go active during 
T1 of the first DATA cycle of the locked transfer. It is 
driven inactive 3 T-states after the beginning of the last 
DATA cycle of the locked transfers. On the 8086, the 
LOCK signal is activated immediately after the LOCK 
prefix is executed. The LOCK prefix may be executed 
well before the processor is prepared to perform the 
locked data transfer. This has the unfortunate conse- 
quence of activating the LOCK signal before the first 
LOCKED data cycle is performed. Since LOCK is ac- 
tive before the processor requires the bus for the data 
transfer, opcode pre-fetching can be LOCKED. How- 
ever, since the 80186 does not activate the LOCK sig- 
nal until the processor is ready to actually perform the 
locked transfer, locked pre-fetching will not occur with 
the 80186. 


The LOCK output is also driven low by hardware dur- 
ing interrupt acknowledge cycles when the integrated 
interrupt controller operates in cascaded or iRMX 86 
modes (see sections 6.5.2 and 6.5.3). In these modes, 
the operation of the LOCK pin may be altered when an 
interrupt 
occurs 
during 
execution 
of a 
software- 


LOCKED instruction. See section 6.5.4 for a descrip- 
tion of additional hardware necessary to block DMA 
and HOLD requests under such circumstances. 


A HALT bus cycle is used to signal the world that the 
80186 CPU has executed a HLT instruction. It differs 
from a normal bus cycle in two important ways. 


The first way in which a HALT bus cycle differs from a 
normal bus cycle is that since the processor is entering 
a halted state, none of the control lines (RD or WR) 
will be driven active. Address and data information will 
not be driven by the processor, and no data will be 
returned. The second way a HALT bus cycle differs 
from a normal bus cycle is that the SO-S2 status lines 
go to their passive state (all high) during T2 of the bus 


cycle, well before they go to their passive state during a 
normal bus cycle. 


Like a normal bus cycle, however, ALE is driven ac- 
tive. Since no valid address information is present, the 
information strobed into the address latches should be 
ignored. This ALE pulse can be used, however, to latch 
the HALT status from the SO-S2 status lines. 


The processor being halted does not interfere with the 
operation of any of the 80186 integrated 
peripheral 


units. This means that if a DMA transfer is pending 
while the processor is halted, the bus cycles associated 
with the DMA transfer will run. In fact, DMA latency 
time will improve while the processor is halted because 
the DMA unit will not be contending with the proces- 
sor for access to the 80186 (see section 4.4.1). 


The 8288 and 8289 are the bus controller and multi- 
master bus arbitration devices used with the 8086 and 
8088. Because the 80186 bus is similar to the 8086 bus, 
they can be directly used with the 80186. Figure 15 
shows an 80186 interconnection to these two devices. 


The 8288 bus c0t.!!rollergenerates control signals (RD, 
WR, ALE, DT/R, 
DEN, etc.) for an 8086 maximum 


mode system. It derives its information by decoding 
status lines SO-S2 of the processor. Because the 80186 
and the 8086 drive the same status information on these 
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NOTES: 
1. AsynchronousResolutionFlipFlop 
2. Ready Latch FlipFlop 
The illustratedlogicdevices are shown for conceptual purposes only.The MOS latches and switches in the actual circuit 
are not necessarily organized in this manner. 


lines, the 80186 can be directly connected to the 8288 
just as in an 8086 system. Using the 8288 with the 
80186 does not prevent using the 80186 control signals 
directly. Many systems require both local bus control 
signals and system bus control signals. In this type of 
system, the 80186 lines could be used as the local sig- 
nals, with the 8288 lines used as the system signals. 
Note that in an 80186 system, the 8288 generated ALE 
pulse occurs later than that of the 80186 itself. In many 
multimaster bus systems, the 8288 ALE pulse should 
be used to strobe the addresses into the system bus ad- 
dress latches to insure that the address hold times are 
met. 


The 8289 bus arbiter arbitrates the use of a multi-mas- 
ter system bus among various devices each of which 
can become the bus master. This component also de- 
codes status lines SO-S2 of the processor directly to 
determine when the system bus is required. When the 
system bus is required, the 8289 forces the processor to 
wait until it has acquired control of the bus, then it 
allows the processor to drive address, data and control 
information onto the system bus. The system deter- 
mines when it requires system bus resources by an ad- 
dress decode. Whenever the address being driven coin- 
cides with the address of an on-board resource, the sys- 
tem bus is not required and thus will not be requested. 
The circuit shown factors the 80186 chip select lines to 
determine when the system bus should be requested, or 
when the 80186 request can be satisfied using a local 
resource. 


The 80186 provides two ready lines, a synchronous 
ready 
(SRDY) 
line 
and 
an 
asynchronous 
ready 
(ARDY) line. These lines signal the processor to insert 
wait states (Tw) into a CPU bus cycle. This allows 
slower devices to respond to CPU service requests 
(reads or writes). Wait states will only be inserted when 
both ARDY and SRDY are low, i.e., only one of the 
lines need be active to terminate a bus cycle. Figure 16 
depicts the logical ORing of the ARDY and SRDY 
functions. Any number of wait states may be inserted 
into a bus cycle. The 80186 will ignore the RDY inputs 
during any accesses to the integrated peripheral regis- 
ters and to any area where the chip select ready bits 
indicate that the external ready should be ignored. 


The timing required by the two RDY lines is different. 
The ARDY line is meant to be used with asynchronous 
ready inputs. Thus, inputs to this line will be internally 
synchronized to the CPU clock before being presented 
to the processor. The synchronization 
circuitry used 


with the ARDY line is shown in Figure 16. The first 
flip-flop is used to "resolve" the asynchronous 
tran- 
sition of the ARDY line. It will achieve a definite level 
(either high or low) before its output is latched into the 
second flip-flop for presentation to the CPU. When 
latched high, it allows the level present on the ARDY 
line to pass directly to the CPU; when latched low, it 
forces not ready to be presented to the CPU (see Ap- 
pendix B for synchronizer information). 
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In a Normally-Ready 
system, 
wait states 
will be inserted 
If: 
1. tARYCH: ARDY 
low to clock 
high (ARDY 
resolution 
setup 
time) 
~ 
20 ns min 
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hold time) 
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15 ns min 
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Alternatively, 
in a Normally-Ready 
system, 
wait states 
will be inserted 
If: 


1. tARYLCL: ARDY 
low to clock 
low (ARDY 
setup 
time) 
- 
35 ns min 


2. lcLARX: 
Clock 
low to ARDY 
high (ARDY 
active 
hold time) = 15 ns min 


Asynchronous ready logic may be implemented as ei- 
ther Normally-Ready or Normally-Not-Ready. 
Figure 


17 depicts activity for both implementations. Remem- 
ber that for ARDY to force wait states, SRDY must be 
low as well. 


In a Normally-Not-Ready 
implementation 
the setup 


and hold times of both the resolution flip-flop and the 
ready latch must be satisfied. The ARDY pin must go 
active at least 20 ns before the rising edge ofT2. T3. or 
Twand 
stay active until IS ns after the falling edge of 


T3 or Tw to stop generation of wait states and termi- 
nate the bus cycle. If ARDY goes active before the 
rising edge of T2 and stays active after the falling edge 
of T3 there will be no wait state inserted. 


In a Normally-Ready 
implementation 
the setup and 


hold times of either the resolution flip-flop or the ready 
latch must be met. Wait states will be generated if 
ARDY goes inactive 20 ns before the rising edge of T2 
and stays inactive a minimum of IS ns after the falling 
edge, or if ARDY goes inactive at least 35 ns before the 
falling edge of T3 and stays inactive a minimum of IS 
ns after the edge. The 80186 ready circuitry performs in 
this manner in order to allow a slow device the maxi- 
mum amount of time to respond with a not ready after 
it has been selected. 


inter 


The synchronous ready (SRDY) line requires that ALL 
transitions on this line during Tz, T3 or Tw satisfy a 
certain setup and hold time (tSRYCL = 35 ns and 
tCLSRY = 
15 ns respectively). If these requirements 


are not met, the CPU will not function properly. Valid 
transitions on this line, and subsequent wait state inser- 
tion is shown in Figure 18. The processor looks at this 
line at the beignning of each T3 and Tw. If the line is 
sampled active at the beginning of either of these two 
cycles, that cycle will be immediately followed by T4. 


On the other hand, if the line is sampled inactive at the 
beginning of either of these two cycles, that cycle will 
be followed by a Tw. Any asynchronous transition on 
the SRDY line not occurring at the beginning ofT3 or 
Tw, that is, when the processor is not "looking at" the 
ready lines will not cause CPU malfunction. 


Bus cycles occur sequentially, but do not necessarily 
come immediately one after another, that is the bus 
may remain idle for several T states (Tj) between each 
bus access initiated by the 80186. This occurs whenever 
the 80186 internal queue is full and no read/write 
cycles are being requested by the execution unit or inte- 
grated DMA unit. The reader should recall that a sepa- 
rate 
unit, 
the 
bus 
interface 
unit, 
fetches opcodes 


(including immediate data) from memory, while the ex- 
ecution unit actually executes the pre-fetched instruc- 
tions. The number of clock cycles required to execute 
an 80186 instruction vary from 2 clock cycles for a 
register to register move to 67 clock cycles for an inte- 
ger divide. 


If a program contains many long instructions, program 
execution will be CPU limited, that is, the instruction 
queue will be constantly filled. Thus, the execution unit 
does not need to wait for an instruction to be fetched. If 
a program contains mainly short instructions or data 
move instructions, the execution will be bus limited. 


Here, the execution unit will be required to wait often 
for an instruction to be fetched before it continues its 
operation. Programs 
illustrating this effect and per- 


formance degradation of each with the addition of wait 
states are given in appendix G. 


All instruction fetches are word (16-bit) fetches from 
even addresses unless the fetch occurs as a result of a 
jump to an odd location. This maximizes the utilization 
of each bus cycle used for instruction fetching, since 
each fetch will access two bytes of information. It is 
also good programming practice to locate all word data 
at even locations, so that both bytes of the word may be 
accessed in a single bus cycle (see discussion on data 
bus operation for further information, section 3.1.3 of 
this note). 


Although the amount of bus utilization, i.e., the per- 
centage of bus time used by the 80186 for instruction 
fetching and execution required for top performance 
will vary considerably from one program to another, a 
typical instruction mix on the 80186 will require great- 
er bus utilization than the 8086. This is caused by the 
higher performance execution unit requiring instruc- 
tions from the prefetch queue at a greater rate. This 
also means that the effect of wait states is more pro- 
nounced in an 80186 system than in an 8086 system. In 
all but a few cases, however, the performance degrada- 
tion incurred by adding a wait state is less than might 
be expected because instruction fetching and execution 
are performed by separate units. 


With the above knowledge of the 80186 bus, various 
memory interfaces may be generated. One of the sim- 
plest of these is the example EPROM interface shown 
in Figure 19. 
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NOTES: 
1. Decision:Ready, T-State willbe followedby a waitstate 
2. Decision:Ready, T-State willnot be followedby a waitstate 
3. tSRvel: Synchronous ready stable untilclock low(SRDYset-up time) = 35 ns min 
4. lclSRY:Clock lowuntilsynchronous ready transition(SRDYhold time) = 15 ns min 
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The addresses are latched using the address generation 
circuit shown earlier. Note that the AO line of each 
EPROM is connected to the Al address line from the 
80186, NOT the AOline. Remember, AOonly signals a 
data transfer on the lower 8 bits of the 16-bit data bus! 
The EPROM outputs are connected directly to the ad- 
dress/data inputs of the 80186, and the 80186 RD sig- 
nal is used as the OE for the EPROMs. 


The chip enable of the EPROM is driven directly by 
the chip select output of the 80186 (see section 8). In 
this configuration, the access time calculation for the 
EPROMs are: 
time from 


address: 
(3 + N) • lCLCL - 
!eLAV - 


llVOV (8282) 
- 
IOVCL 


= 375 + (N • 125) - 
44 - 
30 - 
20 


= 281 + (N • 125) ns 
time from 


chip select: 
(3 + N) • lCLCL - 
!eLCSV - 
IOVCL 


= 375 + (N • 125) - 
66 - 
20 


= 289 + (N • 125) ns 
time from 


RD (DE): (2 + N) !eLCL - 
!eLRL 
- 
IOVCL 


= 250 + (N • 125) - 
70 - 
20 


= 160 + (N • 125) ns 


where: 
teLAV = time from clock low in T I until addresses 


are valid 
tCLCL = clock period of processor 
trvov = time from input valid of 8282 until output 


valid of 8282 
tovCL = 186 data valid input setup time until clock 


low time of T4 
tCLCSV= time from clock low in TI until chip se- 


lects are valid 
tCLRL = time from clock low in T2 until RD goes 


low 
N = number of wait states inserted 


Thus, for 0 wait state operation, 250 ns EPROMs must 
be used. The only significant ~ameter 
not included 


above is tRHAv, the time from RD inactive (high) until 
the 80186 begins driving address information. This pa- 
rameter is 85 ns, which meets the 2764-25 (250 ns speed 
selection) 
output 
float 
time 
of 
85 ns. 
If 
slower 


EPROMs are used, a discrete data butTer MUST 
be 


inserted between the EPROM data lines and the ad- 
dress/data 
bus, since these devices may continue to 


drive data information on the multiplexed address/data 
bus when the 80186 begins to drive address information 
for the next bus cycle. 


inter 


An example 8203/DRAM interface is shown in Figure 
20. The 8203 provides all required DRAM control sig- 
nals, address multiplexing, and refresh generation. In 
this circuit, the 8203 is configured to interface with 
64K DRAMs. 


All 8203 cycles are generated ofTcontrol signals (RD 
and WR) provided by the 80186. These signals will not 
go active until T2 of the bus cycle. In addition, since the 
8203 clock (generated by the internal crystal oscillator 
of the 8203) is asynchronous to the 80186 clock, all 


MCI1 
MCSii 


At7-At 


AROY 


memory requests by the 80186 must be synchronized to 
the 8203 before the cycle will be run. To minimize this 
synchronization time, the 8203 should be used with the 
highest speed crystal that will maintain DRAM com- 
patability. Even if a 25 MHz crystal is used (the maxi- 
mum allowed by the 8203) two wait states will be re- 
quired by the example circuit 
when using 
150 ns 


DRAMs with an 8 MHz 80186, three wait states if 
200 ns DRAMs are used (see timing analysis, Figure 
21). 


The entire RAM array controlled by the 8203 can be 
selected by one or a group of the 80186 provided chip 
selects. These chip selects can also be used to insert the 
wait states required by the interface. 
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NOTES: 
1. leLEL:Clocklowuntilread low = 70 ns max 
2. leR: Command active untilRAS = 150 ns max' 
3. lec: Command active untilCAS = 245 ns max' 
4. leAC:Access time fromCAS = 85 ns max 
5. t,sou: Inputto output delay = 30 ns max 
6. tovCL:Data validto clock low(data in set up) = 20 ns min 
Total Access Time = 70 + 245 + 85 + 30 +20 = 450 ns (3.6 T-states) 
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'Assumes 25 MHz 
8203 operation 


Since the 8203 is operating 
asynchronously 
to the 


80186, the RDY output of the 8203 (used to suspend 
processor operation when a processor DRAM request 
coincides with a DRAM refresh cycle) must be syn- 
chronized to the 80186. The 80186 ARDY line is used 
to provide the necessary ready synchronization. 
The 


8203 ready outputs operate in a normally not ready 
mode, that is, they are only driven active when an 8203 
cycle is being executed, and a refresh cycle is not being 
run. The 8203 SACK is presented to the 80186 only 
when the DRAM is being accessed. Notice that the 
SACK output 
of the 8203 is used, rather than the 


XACK output. Since the 80186 will insert at least one 
full CPU clock cycle between the time RDY is sampled 
active, and the time data must be present on the data 
bus, using the XACK signal would insert unnecessary 
additional wait states, since it does not indicate ready 
until valid data is available from the memory. 


The 8207 advanced dual-port DRAM controller pro- 
vides a high performance DRAM 
memory interface 


specifically for 80186 and 80286 microcomputer 
sys- 


tems. This .controller provides all address multiplexing 
and DRAM refresh circuitry. In addition, it synchro- 
nizes and arbitrates memory requests from two differ- 
ent ports (e.g., an 80186 and a Multibus), allowing the 
two ports to share memory. Finally, the 8207 provides 
a simple interface to the 8206 error detection and cor- 
rection chip. 


The simplest 8207 (and also the highest performance) 
interface is shown in Figure 22. This shows the 80186 
connected to an 8207 using the 8207 slow cycle, syn- 
chronous status interface. In this mode, the 8207 de- 
codes the type of cycle to be run directly from the 
status lines of the 80186. In addition, since the 8207 
CLOCKIN is driven by the CLOCKOUTofthe 
80186, 


any performance degradation caused by required mem- 
ory request synchronization between the 80186 and the 
8207 is not present. Finally, the entire memory array 
driven' by the 8207 may be selected using one or a 
group of the 80186 memory chip selects, as in the 8203 
interface above. 
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The 8207AACK signal may be used to generate a syn- 
chronous ready signal to the 80186 in the above inter- 
face. Since dynamic memory periodically requires re- 
freshing, 80186access cycles may occur simultaneously 
with an 8207generated refresh cycle. When this occurs, 
the 8207 will hold the AACK line high until the proc- 
essor initiated access is run (note, the sense of this line 
is reversed with respect to the 80186 SRDY input). 
This signal should be factored with the DRAM (8207) 
select input and used to drive the SRDY line of the 
80186. Remember that only one of SRDY and ARDY 
needs to be active for a bus cycle to be terminated. If 
asynchronous devices (e.g., a Multibus interface) are 
connected to the ARDY line with the 8207 connected 
to the SRDY line, care must be taken in design of the 
ready circuit such that only one of the RDY lines is 
driven active at a time to prevent premature termina- 
tion of the bus cycle. 


A single-port version of the 8207 is available as the 
8208. For more information about DRAM interfacing 
and timing, consult the 8207 and 8208 data sheets. 


The 80186 employs a HOLD/HLDA 
bus exchange 


protocol. This protocol allows other asynchronous bus 
master devices(i.e., ones which drive address, data, and 
control information on the bus) to gain control of the 
bus to perform bus cycles (memory or I/O reads or 
writes). 


In the HOLDIHLDA protocol, a device requiring bus 
control (e.g., an external DMA device) raises the 
HOLD line. In response to this HOLD request, the 
80186 will raise its HLDA line after it has finished its 
current bus activity. When the external device is fm- 
ished with the bus, it drops its bus HOLD request. The 
80186responds by dropping its HLDA line and resum- 
ing bus operation. 


When the 80186 recognizes a bus hold by driving 
HLDA high, it will float many of its signals (see Figure 
23). ADO-ADI5 (address/data 0-15) and DEN (data 
enable) are floated within tCLAZ(35 ns) after the same 
clock edge that HLDA is driven active. A16-A19 (ad- 
dress_16-19) 
RD, WR, BHE (Bu~HiR.h Enable), 


DT/R (Data Transmit/Receive) and SO-S2 (status 0- 
2) are floated within tcHCZ (45 ns) after the clock edge 
immediately before the clock edge on which HLDA 
comes active. 
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Figure 23. Signal Float/HLDA Timing 


of the 80186 


Only the above mentioned signals are floated during 
bus HOLD. Of the signals not floated by the 80186, 
some have to do with peripheral functionality (e.g., 
TmrOut). Many others either directly or indirectly con- 
trol bus devices.These signals are ALE (Address Latch 
Enable,~ 
section 3.1.2) and all the chip select lines 


(DCS, LCS, MCSO-3, and PCSO-6). The designer 
must be aware that the chip select circuitry does not 
look at externally generated addresses (see section 8 for 
a discussion of the chip select logic). Thus, for memory 
or peripheral devices which are addressed by external 
bus master devices, discrete chip select and ready gen- 
eration logic must be used. 


The time required between HOLD going active and the 
80186 driving HLDA active is known as bus latency. 
Many factors affect this latency, including synchroniza- 
tion delays, bus cycle times, locked transfer times and 
interrupt acknowledge cycles. 


The HOLD request line is internally synchronized by 
the 80186, and may therefore be an asynchronous sig- 
nal. To guarantee recognition on a certain clock edge, it 
must satisfy a certain setup and hold time to the falling 


inter 


edge of the CPU clock. A full CPU clock cycle is re- 
quired for this synchronization, 
that is, the internal 


HOLD signal is not presented to the internal bus arbi- 
tration circuitry until one full clock cycle after it is 
latched from the HOLD input (see Appendix B for a 


NOTES: 
1. tHYCL:Holdvaliduntilclock low = 25 ns min 
2. lcLHAY:ClocklowuntilHLDAactive = 50 ns max 


CLOCK 


OUT 


discussion of 80186 synchronizers). If the bus is idle, 
HLDA will follow HOLD by two CPU clock cycles 
plus a small amount of setup and propagation delay 
time. The first clock cycle synchronizes the input; the 
second signals the internal circuitry to initiate a bus 
hold. (See Figure 24). 


Many factors influence the number of clock cycles be- 
tween a HOLD request and a HLDA. These may make 
bus latency longer than the best case shown above. Per- 
haps the most important factor is that the 80186 will 
not relinquish the local bus until the bus is idle. An idle 
bus occurs whenever the 80186 is not performing any 
bus transfers. As stated in section 3.1.1, when the bus is 
idle, the 80186 generates idle T-states. The bus can be- 
come idle only at the end of a bus cycle. Thus, the 
80186 can recognize HOLD only after the end of its 
current bus cycle. The 80186 will normally insert no Ti 
states between T4 and T 1 of the next bus cycle if it 
requires any bus activity (e.g., instruction fetches or 
I/O reads). However, the 80186 may not have an im- 
mediate need for the bus after a bus cycle, and will 
insert Tj states independent of the HOLD input (see 
Section 3.1.1). 
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NOTES: 
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NOTES: 
1. Decision:Additionalinternal bus cycles required, no idle T-states willbe inserted, HOLDnot active soon enough to 
force idleT-states 
2. Greater than 25 ns (tHYCLl:not requiredsince itwillnot get recognized anyway 
3. HOLDrequest internallysynchronized 


NOTES: 
1. HOLDrequest internallysynchronized 
2. Decision:HOLDrequest active. idlet-states willbe inserted at end of current bus cycle 
3. Greater than 25 ns 
4. Less than 50 ns ' 


When the HOLD request is active, the 80186 will be 
forced to proceed from T4 to Tj in order that the bus 
may be relinquished. HOLD must go active 3 T-states 
before the end of a bus cycle to force the 80186 to insert 
idle T-states after T4 (one to synchronize the request, 
and one to signal the 80186 that T4 of the bus cycle will 
be followed by idle T-states, see section 3.1.1). After the 
bus cycle has ended, the bus hold will be immediately 
acknowledged. If, however, the 80186 has already de- 
termined that an idle T-state will follow T4 of the cur- 
rent bus cycle, HOLD need go active only 2 T-states 
before the end of a bus cycle to force the 80186 to 
relinquish the bus at the end of the current bus cycle. 
This is because the external HOLD request is not re- 
quired to force the generation of idle T-states. Figure 26 
graphically portrays the scenarios depicted above. 


An external HOLD has higher priority than both the 
80186 CPU or integrated DMA unit. However, an ex- 
ternal HOLD will not separate the two cycles needed to 
perform a word access when the word accessed is locat- 
ed at an odd location (see Section 3.1.3). In addition, an 
external HOLD will not separate the two-to-four bus 
cycles required to perform a DMA transfer using the 
integrated controller. Each of these factors will add ad- 
ditional bus cycle times to the bus latency of the 80186. 


Another factor influencing bus latency time is locked 
transfers. Whenever a locked transfer is occurring, the 
80186 will not recognize external HOLDs (nor will it 
recognize internal DMA bus requests). Locked trans- 
fers are programmed by preceding an instruction with 
the LOCK prefix. Any transfers generated by such a 
prefixed instruction will be locked, and will not be sepa- 
rated by any external bus requesting device. String in- 
structions may be locked. Since string transfers may 
require thousands of bus cycles, bus latency time will 
suffer if they are locked. 


The final factor affecting bus latency time is interrupt 
acknowledge cycles. When an external interrupt con- 
troller is used, or if the integrated interrupt controller is 
used in Slave mode (see Section 4.4.1) the 80186 will 
run two interrupt 
acknowledge cycles back to back. 


These cycles are automatically "locked" and will never 
be separated by any bus HOLD, either internal or ex- 
ternal. See Section 6.5 on interrupt acknowledge timing 
for more information concerning interrupt 
acknowl- 


edge timing. 


After the 80186 recognizes that the HOLD input has 
gone inactive, it will drop its HLDA line in a single 
clock. Figure 27 shows this timing. The 80186 will in- 
sert only two Ti after HLDA has gone inactive, assum- 
ing that the 80186 has internal bus cycles to run. Dur- 
ing the last Tj, status information will go active con- 
cerning the bus cycle about to be run (see Section 
3.1.1). If the 80186 has no pending bus activity, it will 
maintain all lines floating (high impedance) until the 
last Ti before it begins its first bus cycle after the 
HOLD. 


3.4 
Differences 
between 
the 8086 Bus 


and the 80186 Bus 


The 80186 bus was defined to be upward compatible 
with the 8086 bus. As a result, the 8086 bus interface 
components (the 8288 bus controller and the 8289 bus 
arbiter) may be used directly with the 80186. There are 
a few significant differences between the two processors 
which should be considered. 
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NOTES: 
1. HOLDinternallysynchronized 
2. Greater than 25 ns 
3. Less than 50 ns 
4. Linescome out of float onlyifa bus cycle is pending 


The 
80186 employs an integrated 
clock generator 


which provides a 50% duty cycle CPU clock (1/2 of 
the time it is high, the other 1/2 of the time it is low). 
This is different than the 8086, which employs an exter- 
nal clock generator (the 8284A) with a 33% duty cycle 
CPU clock (1/3 of the time it is high, the other 2/3 of 
the time, it is low). These differences manifest them- 
selves as follows: 


I) No oscillator output is available from the 80186, 


as it is available from the 8284A clock gener~tor. 
2) The 80186 does not provide a PCLK (50% duty 
cycle, 1/2 CPU clock frequency) output as does 
the 8284A. 


3) The clock low phase of the 80186 is narrower, and 


the clock high phase is wider than on the same 
speed 8086. 


4) The 80186 does not internally factor AEN with 


RDY. 
This 
means that 
if both 
RDY 
inputs 


(ARDY and SRDY) are used, external logic must 
be used to prevent the RDY not connected to a 
certain device from being driven active during an 
access to this device (remember, only one RDY 
input needs to be active to terminate a bus cycle, 
see Section 3.1.6). 


5) The 80186 concurrently 
provides both a single 


asynchronous ready input and a single synchro- 
nous ready input, while the 8284A provides ei- 


ther two synchronous ready inputs or two asyn- 
chronous ready inputs as a user strapable option. 


6) The CLOCKOUT 
(CPU 
clock output 
signal) 


drive capacity of the 80186 is less than the CPU 
clock drive capacity of the 8284A. This means 
that 
not 
as 
many 
high 
speed 
devices 
(e.g., 


Schottky TTL flip-flops) may be connected to this 
signal as can be used with the 8284A clock output. 


7) The crystal or external oscillator used by the 
80186 is twice the CPU clock frequency, while the 
crystal or external oscillator used with the 8284A 
is three times the CPU clock frequency. 


The 80186 simultaneously provides both local bus con- 
troller outputs (RD, WR, ALE, DEN and DT/R) and 
status outputs (SO, SI S2) for use with the 8288 bus 
controller. This is different from the 8086 where the 
local bus controller outputs (generated only in min 
mode) are sacrificed if status outputs (generated only in 
max mode) are desired. These differences will manifest 
themselves in 8086 systems and 80186 systems as fol- 
lows: 


I) Because the 80186 can simultaneously provide lo- 


cal bus control signals and status outputs, many 
systems 
supporting 
both 
a 
system 
bus 
(e.g., 


inter 


a MULTIBUS@) and a local bus will not require 
two separate external bus controllers, that is, the 
80186 bus control signals may be used to control 
the local bus while the 80186 status signals are 
concurrently connected to the 8288 bus controller 
to drive the control signals of the system bus. 
2) The ALE signal of the 80186 goes active a clock 


phase earlier on the 80186 then on the 8086 or 
8288. This minimizes address propagation 
time 


through the address latches, since typically the de- 
lay time through these latches from inputs valid is 
less than the propagation delay from the strobe 
input active. 
3) The 80186 RD input must be tied low to provide 
queue status outputs from the 80186 (see Figure 
28). When so s~ped 
into "queue status mode," 
the ALE and WR outputs provide queue status 
information. Notice that this queue status infor- 
mation is available one clock phase earlier from 
the 80186 than from the 8086 (see Figure 29). 
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Figure 28. Generating Queue Status Information 


from the 80186 


As discussed earlier, the 80186 uses a HOLD/HLDA 
type of protocol for exchanging bus mastership (like the 
8086 in min mode) rather than the RQ/GT 
protocol 


used by the 8086 in max mode. This allows compatibil- 
ity with Intel's the new generation of high perform- 
ancelhigh 
integration bus master peripheral 
devices 
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NOTES: 
1. 80186 
changes 
queue 
status 
off falling 
edge of CLK 


2. 8086 changes 
queue 
status 
off rising edge of CLK 


(for example the 82586 Ethernet controller or 82730 
high performance CRT controller/text 
coprocessor). 


The 80186 does not provide S3-S5 status information. 
On the 8086, S3 and S4 provide information regarding 
the segment register used to generate the physical ad- 
dress of the currently executing bus cycle. S5 provides 
information concerning the state of the interrupt enable 
flip-flop. These status bits are always low on the 80186. 


Status signal S6 is used to indicate whether the current 
bus cycle is initiated by either the CPU or a DMA 
device. Subsequently, it is always low on the 8086. On 
the 80186, it is low whenever the current bus cycle is 
initiated by the 80186 CPU, and is high when the cur- 
rent bus cycle is initiated by the 80186 integrated DMA 
unit. 


The 80186 output drivers will drive 200 pF loads. This 
is double that of the 8086 (100 pF). This allows larger 
systems to be constructed 
without the need for bus 


buffers. It also means that it is very important to pro- 
vide good grounds to the 80186, since its large drivers 
can discharge its outputs very quickly causing large 
current transients on the 80186 ground pins. 


The 80186 does not provide early and late write signals, 
as does the 8288 bus controller. The WR signal gener- 
ated by the 80186 corresponds to the early write signal 
of the 8288. This means that data is not stable on the 
address/data 
bus when this signal is driven active. 


The 80186 also does not provide differentiated I/O and 
memory read and write command signals. If these sig- 
nals are desired, an external 8288 bus controller may be 
used, or the S2 signal may be used to synthesize differ- 
entiated commands (see Section 3.1.4). 


Figure 29. 80186 and 8086 Queue Status Generation 
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The 80186 includes a DMA unit which provides two 
independent high speed DMA channels. These chan- 
nels operate independently of the CPU, and drive all 
integrated bus interface components (bus controller, 
chip selects, etc.) exactly as the CPU (see Figure 30). 
This means that bus cycles initiated by the DMA unit 
are exactly the same as bus cycles initiated by the CPU 
(except that S6 = 1 during all DMA initiated cycles, 
see Section 3.1). Thus interfacing with the DMA unit 
itself is very simple, since except for the addition of the 
DMA request connection, it is exactly the same as in- 
terfacing to the CPU. 
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Figure 
30. 80186 CPU/DMA 


Channel 
Internal 
Model 


Each of the two DMA channels provides the following 
features: 
• Independent 20-bit source and destination pointers 


which are used to access the I/O or memory loca- 
tion from which data will be fetched or to which 
data will be deposited 
• Programmable auto-increment, auto-decrement or 


neither of the source and destination pointers after 
each DMA transfer 
• Programmable termination of DMA activity after a 


certain number of DMA transfers 
• Programmable CPU interruption at DMA termina- 


tion 
• Byte or word DMA transfers to or from even or odd 


memory or I/O addresses 


• Programmable generation of DMA requests by: 


I) the source of the data 
2) the destination of the data 
3) timer 2 (see Section 5) 
4) the DMA unit itself (continuous DMA requests) 


Each of the two DMA channels contains a number of 
registers which are used to control channel operation. 
These registers are included in the 80186integrated pe- 
ripheral control block (see Appendix A). These regis- 
ters include the source and destination pointer registers, 
the transfer count register and the control register. The 
layout and interpretation of the bits in these registers is 
given in Figure 31. 


The 20-bit source and destination pointers allow access 
to the complete 1 Mbyte address space of the 80186, 
and that all 20 bits are affected by the auto-increment 
or auto-decrement unit of the DMA (i.e., the DMA 
channels address the full I Mbyte address space of the 
80186 as a flat, linear array without segments). When 
addressing I/O space, the upper 4 bits of the DMA 
pointer registers should be programmed to be O. If they 
are not programmed 0, then the programmed value 
(greater than 64K in I/O space) will be driven onto the 
address bus (an area of I/O space not accessibleto the 
CPU). The data transfer will occur correctly, however. 


After every DMA transfer the 16-bit DMA transfer 
count register it is decremented by I, whether a byte 
transfer or a word transfer has occurred. If the TC bit 
in the DMA control register is set, the DMA ST/STOP 
bit (seebelow) will be cleared when this register goes to 
0, causing all DMA activity to cease. A transfer count 
of zero allows 65536 (216)transfers. 


The DMA control register (see Figure 32) contains bits 
which control various channel characteristics, includ- 
ing for each of the data source and destination whether 
the pointer points to memory or I/O space, or whether 
the pointer will be incremented, decremented or left 
alone after each DMA transfer. It also contains a bit 
which selectsbetween byte or word transfers. Two syn- 
chronization bits are used to determine the source of 
the DMA requests (see Section 4.7). The TC bit deter- 
mines whether DMA activity will cease after a pro- 
grammed number of DMA transfers, and the INT bit is 
used to enable interrupts to the processor when this has 
occurred (note that an interrupt will not be generated 
to the CPU when the transfer count register reaches 
zero unless both the INT bit and the TC bit are set). 


The control register also contains a start/stop 
(ST/ 


STOP) bit. This bit is used to enable DMA transfers. 
Whenever this bit is set, the channel is "armed," 
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that is, a DMA transfer will occur whenever a DMA 
request is made to the channel. If this bit is cleared, no 
DMA transfers will be performed by the channel. A 
companion bit, the CHG/NOCHG bit, allows the con- 
tents of the DMA control register to be changed with- 
out modifying the state of the start/stop bit. The ST/ 
STOP bit will only be modified if the CHG/NOCHG 
bit is also set during the write to the DMA control 
register. The CHG/NOCHG 
bit is write only. It will 


always be read back as a O. Because DMA transfers 
could occur immediately after the ST/STOP bit is set, 
it should only be set after all other DMA controller 
registers have been programmed. This bit is automati- 
cally cleared when the transfer count register reaches 
zero and the TC bit in the DMA control register is set, 
or when the transfer count register reaches zero and 
unsynchronized DMA transfers are programmed. 


All DMA unit programming registers are directly ac- 
cessibleby the CPU. This means the CPU can, for ex- 
ample, modify the DMA source pointer register after 
137 DMA transfers have occurred, and have the new 
pointer value used for the 138th DMA transfer. If more 
than one register in the DMA channel is being modified 
at any time that a DMA request may be generated and 
the DMA channel is enabled (the ST/STOP bit in the 
control register is set), the register programming values 
should be placed in memory locations and moved into 
the DMA registers using a locked string move instruc- 
tion. This will prevent a DMA transfer from occurring 
after only half of the register values have changed. The 
above also holds true if a read/modify/write type of 
operation is being performed (e.g., ANDing off bits in a 
pointer register in a single AND instruction to a point- 
er register mapped into memory space). 
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NOTES: 
1. Source address 
2. Source data 
3. Destinationaddress 
4. Destinationdata 
Waitstates are inserted by the bus conditionduringthe bus cycle, not by the DMAcontroller 


Figure 33. Example DMA Transfer Cycle on the 80186 


Every DMA transfer in the 80186 consists of two inde- 
pendent bus cycles, the fetch cycle and the deposit cycle 
(see Figure 33). During the fetch cycle, the byte or 
word data is accessed from memory or I/O space using 
the address in the source pointer register. The data ac- 
cessed is placed in an internal 
temporary 
register, 


which is not accessible to the CPU. During the deposit 
cycle, the byte or word data in this internal register is 
placed in memory or I/O space using the address in t~e 
destination pointer register. These two bus cycles Will 
not be separated by bus HOLD or by the other DMA 
channel, and one will never be run without the other 
except when the CPU is RESET. Notice that the bus 
cycles run by the DMA unit are exactly the same as 
memory or I/O bus cycles run by the CPU. The only 
difference between the two is the state of the S6 status 
line (which is multiplexed on the AI9 line): on all CPU 
initiated bus cycles, this status line will be driven low; 
on all DMA initiated bus cycles, this status line will be 
driven high. 


Each DMA channel has a single DMA request line by 
which an external device may request a DMA transfer. 
The synchronization bits in the DMA control register 
determine whether this line is interpreted to be connect- 
ed to the source of the DMA data or the destination of 
the DMA data. All transfer requests on this line are 
synchronized to the CPU clock before being presented 


to internal DMA logic. This means that any asynchro- 
nous transitions of the DMA request line will not cause 
the DMA channel to malfunction. In addition to exter- 
nal requests, DMA requests may be generated whenev- 
er the internal Timer 2 times out, or continuously by 
programming 
the synchronization 
bits in the DMA 


control register to call for unsynchronized DMA trans- 
fers. 


Before any DMA request can be generated, the 80186 
internal bus must be granted to the DMA unit. A cer- 
tain amount of time is required for the CPU to grant 
this internal bus to the DMA unit. The time between a 
DMA request being issued and the DMA transfer being 
run is known as DMA latency. Many of the issues con- 
cerning DMA latency are the same as those concerning 
bus latency (see Section 3.3.2). The only important dif- 
ference is that external HOLD always has bus priority 
over an internal DMA transfer. Thus, the latency time 
of an internal DMA cycle will suffer during an external 
bus HOLD. 


Each DMA channel has a programmed priority relative 
to the other DMA channel. Both channels may be pro- 
grammed to be the same priority, or one may be pro- 
grammed to be of higher priority than the other chan- 
nel. If both channels are active, DMA latency will suf- 
fer on the lower priority channel. If both channels are 
active and both channels are of the same programmed 
priority, DMA transfer cycles will alternate between 
the two channels (i.e., the first charmel will perform a 
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NOTES: 
1. tORQCL = DMA request 
to clock 
low = 25 ns to guarantee 
recognition 


2. Synchronizer 
resolution 
time 


3. DMA unit priority 
arbitration, 
etc. time 


4. Bus Interface 
Unit latches 
DMA request 
and decides 
to run DMA cycle 


fetch and deposit, followed by a fetch and deposit by 
the second channel, etc.). 


The minimum timing required to generate a DMA cy- 
cle is shown in Figure 34. Note that the minimum time 
from DRQ becoming active until the beginning of the 
first DMA cycle is 4 CPU clock cycles, that is, a DMA 
request is sampled 4 clock cycles before the beginning 
of a bus cycle to determine if any DMA activity will be 
required. This time is independent of the number of 
wait states inserted in the bus cycle. The maximum 
DMA latency is a function of other processor activity 
(see above). 


ADDR. 


LATCH 


Also notice that ifDRQ is sampled active at I in Figure 
34, the DMA cycle will be executed, even if the DMA 
request goes inactive before the beginning of the first 
DMA cycle. This does not mean that the DMA request 
is latched into the processor such that any transition on 
the DMA request line will cause a DMA cycle eventu- 
ally. Quite the contrary, DMA request must be active 
at a certain time before the end of a bus cycle for the 
DMA request to be recognized by the processor. If the 
DMA request line goes inactive before that window, 
then no DMA cycles will be run. 


DMA 
ACKNOWlEDGE 


CHIP sa: 


The 80186 generates no explicit DMA acknowledge 
signal. Instead, the 80186 performs a read or write di- 
rectly to the DMA requesting device. If required, a 
DMA acknowledge signal can be generated by a decode 
of an address, or by merely using one of the PCS lines 
(see Figure 35). Note ALE must be used to factor the 
DACK 
because addresses are not guaranteed stable 


when chip selects go active. This is r~ed 
because if 


the address is not stable when the PCS goes active, 
glitches can occur at the output of the DACK genera- 
tion circuitry as the address lines change state. Once 
ALE has gone low, the addresses are guaranteed- to 
have been stable for at least tAVAL(30 ns). 


4.6 
Internally 
Generated 
DMA 
Requests 


There are two types in internally synchronized DMA 
transfers, that is, transfer initiated by a unit integrated 
in the 80186. These two types are transfers in which the 
DMA request is generated by Timer 2, or where DMA 
request is generated by the DMA channel itself. 


The DMA 
channel can be programmed 
such that 


whenever Timer 2 reaches its maximum count, a DMA 
request will be generated. This feature is selected by 
setting the TDRQ bit in the DMA channel control reg- 
ister. A DMA request generated in this manner will be 
latched in the DMA controller, so that once the timer 
request has been generated, it cannot be cleared except 
by running the DMA cycle or by clearing the TDRQ 
bits in both DMA control registers. Before any DMA 
requests are generated in this mode, Timer 2 must be 
initiated and enabled. 


A timer requested DMA cycle being run by either 
DMA channel will reset the timer request. Thus, if 
both channels are using it to request a DMA cycle, only 
one DMA channel will execute a transfer for every 
timeout of Timer 2. Another implication of having a 
single bit timer DMA request latch in the DMA con- 
troller is that if another Timer 2 timeout occurs before 
a DMA channel has a chance to run a DMA transfer, 
the first request will be lost, Le., only a single DMA 
transfer will occur, even though the timer has timed out 
twice. 


The DMA channel can also be programmed to provide 
its own DMA requests. In this mode, DMA transfer 
cycles will be run continuously at the maximum bus 
bandwidth, 
one 
after 
the 
other 
until 
the 
prepro- 


grammed number of DMA 
transfers (in the DMA 


transfer count register) have occurred. This mode is 
selected by programming the synchronization 
bits in 


the DMA control register for unsynchronized transfers. 
Note that in this mode, the DMA controller will mo- 
nopolize the CPU bus, i.e., the CPU will not be able to 


perform 
opcode fetching, 
memory 
operations, 
etc., 


while the DMA transfers are occurring. Also notice 
that the DMA will only perform the number of trans- 
fers indicated in the maximum count register regardless 
of the state of the TC bit in the DMA control register. 


4.7 
Externally Synchronized 
DMA 


Transfers 


There are two types of externally synchronized DMA 
transfers, that is, DMA transfers which are requested 
by an external device rather than by integrated Timer 2 
or by the DMA channel itself (in unsynchronized trans- 
fers). These are source synchronized and destination 
synchronized transfers. These modes are selected by 
programming 
the synchronization 
bits in the DMA 


channel control register. The only difference between 
the two is the time at which the DMA request pin is 
sampled to determine if another DMA transfer is im- 
mediately required after the currently executing DMA 
transfer. On source synchronized transfers, this is done 
such that two source synchronized DMA transfers may 
occur one immediately after the other, while on desti- 
nation synchronized transfers a certain amount of idle 
time is automatically inserted between two DMA trans- 
fers to allow time for the DMA requesting device to 
drive its DMA request inactive. 


4.7.1 SOURCE 
SYNCHRONIZED 
DMA TRANSFERS 


In a source synchronized DMA transfer, the source of 
the DMA data requests the DMA cycle. An example of 
this would be a floppy riisk read from the disk to main 
memory. In this type of transfer, the device requesting 
the transfer is read during the fetch cycle of the DMA 
transfer. Since it takes 4 CPU clock cycles from the 
time DMA request is sampled to the time the DMA 
transfer is actually begun, and a bus cycle takes a mini- 
mum of 4 clock cycles, the earliest time the DMA re- 
quest pin will be sampled for another DMA transfer 
will be at the beginning of the deposit cycle of a DMA 
transfer. This allows over 3 CPU clock cycles between 
the time the DMA requesting device receives an ac- 
knowledge to its DMA request (around the beginning 
of Tz of the DMA fetch cycle), and the time it must 
drive this request inactive (assuming no wait states) to 
insure that another DMA transfer is not performed if it 
is not desired (see Figure 36). 


4.7.2 DESTINATION 
SYNCHRONIZED 


DMA TRANSFERS 


In destination synchronized DMA transfers, the desti- 
nation of the DMA data requests the DMA transfer. 
An example of this would be a floppy disk write from 
main memory to the disk. In this type of transfer, the 
device requesting the transfer is written during the de- 
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posit cycle of the DMA transfer. This causes a prob- 
lem, since the DMA requesting device will not receive 
notification of the DMA cycle being run until 3 clock 
cycles before the end of the DMA transfer (if no wait 
states are being inserted into the deposit cycle of the 
DMA transfer) and it takes 4 clock cycles to determine 
whether another DMA cycle should be run immediate- 
ly following the current DMA transfer. To get around 
this problem, the DMA unit will relinquish the CPU 
bus after each destination synchronized DMA transfer 
for at least 2 CPU clock cycles to allow the DMA re- 
questing device time to drop its DMA request if it does 
not immediately desire another immediate DMA trans- 
fer. When the bus is relinquished by the DMA unit, the 
CPU may resume bus operation (e.g., instruction fetch- 
ing, memory or I/O reads or writes, etc.). Thus, typi- 
cally, a CPU initiated bus cycle will be inserted between 
each destination 
synchronized 
DMA transfer. If no 


CPU bus activity is required, however (and none can be 
guaranteed), 
the DMA unit will insert only 2 CPU 


clock cycles between the deposit cycle of one DMA 
transfer and the fetch cycle of the next DMA transfer. 
This means that the DMA destination requesting de- 
vice must drop its DMA request at least two clock cy- 
cles before the end of the deposit cycle regardless of the 
number 
of wait states inserted into the bus cycle. 


Figure 36 shows the DMA request going away too late 
to prevent the immediate generation of another DMA 
transfer. Any wait states inserted in the deposit cycle of 
the DMA transfer will leng1hen the amount of time 
from the beginning of the deposit cycle to the time 
DMA 
will be sampled for another 
DMA 
transfer. 


Thus, if the amount oftime a device requires to drop its 
DMA request after receiving a DMA 
acknowledge 


from the 80186 is longer than the 0 wait state 80186 
maximum (100 ns), wait states can be inserted into the 
DMA cycle to lengthen the amount of time the device 
has to drop its DMA request after receiving the DMA 
acknowledge. Table 4 shows the amount of time be- 
tween the beginning ofT2 and the time DMA request is 
sampled as wait states are inserted in the DMA deposit 
cycle. 
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Whenever a Non-Maskable Interrupt is received by the 
80186, all DMA activity will be suspended after the end 
of the current DMA transfer. This is performed by the 
NMI automatically setting the DMA Halt (DHLT) bit 
in the interrupt controller status register (see Section 
6.3.7). The timing ofNMI 
required to prevent a DMA 


cycle from occurring is shown in Figure 37. After the 
NMI 
has been serviced, the DHLT 
bit should be 


cleared by the programmer, and DMA activity will re- 
sume exactly where it left off, i.e., none of the DMA 
registers will have been modified. The DHLT bit is not 
automatically reset after the NMI has been serviced. It 
is automatically reset by the IRET instruction. This 
DHLT bit may also be set by the programmer to pre- 
vent DMA activity during any critical section of code. 
However, the DHL T bit is not programmable in the 
slave mode. 


An example DMA interface to the 8272 Floppy Disk 
Controller is shown in Figure 38. This shows how a 
typical DMA device can be interfaced to the 80186. An 
example floppy disk software driver for this interface is 
given in Appendix C. 


The data lines of the 8272 are connected, through buff- 
ers, to the 80186 ADO-AD7 lines. The buffers are re- 
quired because the 8272 will not float its output drivers 
quickly enough to prevent contention with the 80186 
driven address information after a read from the 8272 
(see Section 3.1.3). 


DMA acknowledge for the 8272 is driven by an address 
decode within the region assigned to PCS2. If PCS2 is 
assigned to be active between I/O locations 0500H and 
057FH, then an access to I/O location 0500H will en- 
able only the chip select, while an access to I/O loca- 
tion 0501H will enable both the chip select and the 
DMA acknowledge. Remember, ALE must be factored 
into the DACK generation logic because addresses are 
not guaranteed stable when the chip selects become ac- 
tive. If ALE were not used, the DACK generation cir- 
cuitry 'could glitch as address output changed state 
while the chip select was active. 


Notice that the TC line of the 8272 is driven by a very 
similar circuit as the one generating DACK (except for 
the reversed sense of the output!). This line is used to 
terminate an 8272 command before the command has 
completed execution. Thus, the TC input to the 8272 is 
software driven in this case. Another method of driving 
the TC input would be to connect the DACK signal to 
one of the 80186 timers, and program the timer to out- 
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put a pulse to the 8272 after a certain number of DMA 
cycles have been run (see next section for 80186 timer 
information). 


The above discussion assumed that a single 80186 PCS 
line is free to generate all 8272 select signals. If more 
than one ~ 
select is free, however, different 80186 


generated PCS lines could be used for each function. 
For example, PCS2 could be used to select the 8272, 
PCS3 could be used to drive the DACK line of the 
8272, etc. 


DMA requests are delayed by two clock periods in go- 
ing from the 8272 to the 80186. This is required~ 
the 


8272 tRQR (time from DMA request to DMA RD go- 
ing active) spec of 800 ns min. This requires 6.4 80186 


CPU clock cycles (at 8 MHz), well beyond the 5 mini- 
mum provided by the 80186 (4 clock cycles to the be- 
ginning of the DMA bus cycle, 5 to the beginning ofT2 
of the DMA bus cycle where RD will go active). The 
two flip-flops add two complete CPU clock cycles to 
this response time. 


DMA request will go away 200 ns after DACK is pre- 
sented to the 8272. During a DMA write cycle (i.e., a 
destination 
synchronized 
transfer), 
this is not soon 


enough to prevent the immediate generation of another 
DMA transfer if no wait states are inserted in the de- 
posit cycle to the 8272. Therefore, at least I wait state is 
required by this interface, regardless of the data access 
parameters of the 8272. 


4.9.28274 
SERIAL 
COMMUNICATION 


INTERFACE 


An example 8274 synchronous/asynchronous 
serial 


chip/80186 DMA interface is shown in Figure 39. The 
8274 interface is even simpler than the 8272 interface, 
since it does not require the generation of a DMA ac- 
knowledge signal, and the 8274 does not require the 
length of time between a DMA request and the DMA 
read or write cycle that the 8272 does. An example 
serial driver using the 8274 in DMA mode with the 
80186 is given in Appendix C. 
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The data lines of the 8274 are connected through buff- 
ers to the 80186 ADO-AD7 lines. Again, these are re- 
quired not because of bus drive problems, but because 
the 8274 will not float its drivers before the 80186 will 
begin driving address information on its address/data 
bus. If both the 8274 and the 8272 are included in the 
same 80186 system, they could share the same data bus 
buffer (as could any other peripheral devices in the sys- 
tem). 


The 8274 does not require a DMA acknowledge signal. 
The first read from or write to the data register of the 
8274 after the 8274 generates the DMA request signal 
will clear the DMA request. The time between when 
the control signal (RD or WR) becomes active and 
when the 8274 will drop its DMA request during a 
DMA write is 150 ns, which will require at least one 
wait state be inserted into the DMA write cycle for 
proper operation of the interface. 


The 80186 includes a timer unit which provides three 
independent 16-bit timers. These timers operate inde- 
pendently of the CPU. Two of these have input and 
output pins allowing counting of external events and 
generation of arbitrary waveforms. The third timer can 
be used as a timer, as a prescaler for the other two 
timers, or as a DMA request source. 


The internal timer unit on the 80186 could be modeled 
by a single counter element, time multiplexed to three 
register banks, each of which contains different control 
and count values. These register banks are, in turn, 
dual ported between the counter element and the 80186 
CPU (see Figure 40). Figure 41 shows the timer ele- 
ment sequencing, and the subsequent constraints on in- 
put and output signals. If the CPU modifies one of the 
timer registers, this change will affect the counter ele- 
ment the next time that register is presented to the 
counter element. There is no connection between the 
sequencing of the counter element through the timer 
register banks and the Bus Interface Unit's sequencing 
through T-states. Timer operation and bus interface op- 
eration are completely asynchronous. 


Each timer is controlled by a block of registers (see 
Figure 42). Each of these registers can be read or writ- 
ten whether or not the timer is operating. All processor 
accesses to these registers are synchronized to all coun- 
ter element accesses to these registers, meaning that one 
will never read a count register in which only half of 
the bits have been modified. Because of this synchroni- 
zation, one wait state is automatically inserted into any 
access to the timer registers. Unlike the DMA unit, 
locking accesses to timer registers will not prevent the 
timer's counter elements from accessing the timer regis- 
ters. 


Each timer has a 16-bit count register. This register is 
incremented for each timer event. A timer event can be 
a low-to-high transition on the external pin (for Timers 
o and I), a CPU clock transition (divided by 4 because 
of the counter element multiplexing), or a time out of 
timer 2 (for Timers 0 and I). Because the count register 
is 16 bits wide, up to 65536 (216) timer events can be 
counted by a single timer/counter. 
This register can be 


both read or written whether the timer is or is not oper- 
ating. 


Each timer includes a maximum count register. When- 
ever the timer count register is equal to the maximum 
count register, the count register will be reset to zero, 
that is, the maximum count value will never be stored 
in the count register. This maximum count value may 
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be written while the timer is operating. A maximum 
count value of 0 implies a maximum count of 65536, a 
maximum count value of 1 implies a maximum count 
of 1, etc. The user should be aware that only equiva- 
lence between the count value and the maximum count 
register value is checked, that is, the count value will 
not be cleared if the value in the count register is great- 
er than the value in the maximum count register. This 
could only occur by programmer intervention, either by 
setting the value in the count register greater than the 
value in the maximum count register, or by setting the 
value in the maximum count register to be less than the 
value in the count register. If this is programmed, the 
timer 
will count 
to the 
maximum 
possible count 


(FFFFH), increment to 0, then count up to the value in 
the maximum count register. The TC bit in the timer 
control register will not be set when the counter over- 
flows to 0, nor will an interrupt be generated from the 
timer unit. 


Timers 0 and 1 each contain an additional maximum 
count register. When both maximum count registers 
are used, the timer will fust count up to the value in 
maximum count register A, reset to zero, count up to 
the value in maximum count register B, and reset to 
zero again. The ALTernate bit in the timer control reg- 
ister determines whether one or both maximum count 
registers are used. If this bit is low, only maximum 
count register A is used; maximum count register B is 
ignored. If it is high, both maximum count register A 
and maximum count register B are used. The RIU (reg- 
ister in use) bit in the timer control register indicates 
which maximum count register is currently being used. 
This bit is 0 when maximum count register A is being 
used, 1 when maximum count register B is being used. 
This RIU bit is read only. It is unaffected by any write 
to the timer control register. It will always be read 0 in 
single maximum count register mode (since only maxi- 
mum count register A will be used). 


Each timer can generate an interrupt whenever the tim- 
er count value reaches a maximum count value. That is, 
an interrupt can be generated whenever the value in 
maximum count register A is reached, and whenever 
the value in maximum count register B is reached. In 
addition, the MC (maximum count) bit in the timer 
control register is set whenever the timer count reaches 
a maximum count value. This bit is never automatically 
cleared, i.e., programmer 
intervention is required to 


clear this bit. If a timer generates a second interrupt 
request before the first interrupt request has been serv- 
iced, the first interrupt request to the CPU will be lost. 


Each timer has an ENable bit in the timer control regis- 
ter. This bit is used to enable the timer to count. The 
timer will count timer events only when this bit is set. 
Any timer events occurring when this bit is reset are 
ignored. Any write to the timer control register will 
modify the ENable bit only if the INHibit bit is also set. 
The timer ENable bit will not be modified by a write to 
the timer control register if the INHibit bit is not set. 
The INHibit bit in the timer control register allows 
selective updating of the timer ENable bit. The value of 
the INHibit bit is not stored in a write to the timer 
control register; it will always be read as a I. 


Each timer has a CONTinuous bit in the timer control 
register. If this bit is cleared, the timer ENable bit will 
be automatically cleared at the end of each timing cy- 
cle. If a single maximum count register is used, the end 
of a timing cycle occurs when the count value resets to 
zero after reaching the value in maximum count regis- 
ter A. If dual maximum count registers are used, the 
end of a timing cycle occurs when the count value re- 
sets to zero after reaching the value in maximum count 
register B. If the CONTinuous bit is set, the ENable bit 
in the timer control register will never be automatically 
reset. Thus, after each timing cycle, another 
timing 


inter 


cycle will automatically begin. For example, in single 
maximum count register mode, the timer will count up 
to the value in maximum count register A, reset to 
zero, ad infinitum. In dual maximum count register 
mode, the timer will count up the value in maximum 
count register A, reset to zero, count up the value in 
maximum count register B, reset to zero, count up to 
the value in maximum count register A, reset to zero, et 
cetera. 


Each timer counts timer events. All timers can use a 
transition of the CPU clock as an event. Because of the 
counter element multiplexing, the timer count value 
will be incremented every fourth CPU clock. For Timer 
2, this is the only timer event which can be used. For 
Timers 0 and I, this event is selected by clearing the 
EXTernal and Prescaler bits in the timer control regis- 
ter. 


Timers 0 and I can use Timer 2 reaching its maximum 
count as a timer event. This is selected by clearing the 
EXTernal bit and setting the Prescaler bit in the timer 
control register. When this is done, the timer will incre- 
ment whenever Timer 2 resets to zero having reached 
its own maximum count. Note that Timer 2 must be 
initialized and running for the other timer's value to be 
incremented. 


Timers 0 and I can also be programmed to count low- 
to-high transitions on the external input pin. Each tran- 
sition on the external pin is synchronized to the 80186 
clock before it is presented to the timer circuitry, and 
may, therefore, be asynchronous (see Appendix B for 
information on 80186 synchronizers). The timer counts 
transitions on the input pin: the input value must go 
low, then go high to cause the timer increment. Any 
transition on this line is latched. If a transition occurs 
when a timer is not being serviced by the counter ele- 
ment, the transition on the input line will be remem- 
bered so that when the timer does get serviced, the in- 
put transition will be counted. Because of the counter 
element multiplexing, the maximum rate at which the 
timer can count is 1/4 of the CPU clock rate (2 MHz 
with an 8 MHz CPU clock). 


Timers 0 and I each have individual timer input pins. 
Alliow-to-high 
transitions on these input pins are syn- 


chronized, latched, and presented to the counter ele- 
ment when the particular timer is being serviced by the 
counter element. 


Signals on this input can affect timer operation in three 
different ways. The manner in which the pin signals are 


used is determined by the EXTernal and RTG (retrig- 
ger) bits in the timer control register. If the EXTernal 
bit is set, transitions on the input pin will cause the 
timer count value to increment if the timer is enabled 
(the ENable bit in the timer control register is set). 
Thus, the timer counts external events. If the EXTernal 
bit is cleared, all timer increments are caused by either 
the CPU clock or by Timer 2 timing out. In this mode, 
the RTG bit determines whether the input pin will en- 
able timer operation, or whether it will retrigger timer 
operation. 


If the EXTernal bit is low and the RTG bit is also low, 
the timer will count internal timer events only when the 
timer input pin is high and the ENable bit in the timer 
control register is set. Note that in this mode, the pin is 
level sensitive, not edge sensitive. A low-to-high tran- 
sition on the timer input pin is not required to enable 
timer operation. If the input is tied high, the timer will 
be continually enabled. The timer enable input signal is 
completely independent of the ENable bit in the timer 
control register: both must be high for the timer to 
count. Example uses for the timer in this mode would 
be a real time clock or a baud rate generator. 


If the EXTernal bit is low and the RTG bit is high, the 
timer will act as a digital one-shot. In this mode, every 
low-to-high transition on the timer input pin will cause 
the timer to reset to zero. If the timer is enabled (i.e., 
the ENable bit in the timer control register is set) timer 
operation will begin (the timer will count CPU clock 
transitions or Timer 2 timeouts). Timer operation will 
cease at the end of a timer cycle, that is, when the value 
in the maximum count register A is reached and the 
timer count value resets to zero (in single maximum 
count register mode, remember that 
the maximum 


count value is never stored in the timer count register) 
or when the value in maximum count register B is 
reached and the timer count value resets to zero (in 
dual maximum count register mode). If another low-to- 
high transition occurs on the input pin before the end of 
the timer cycle, the timer will reset to zero and begin 
the timing cycle again regardless of the state of the 
CONtinuous bit in the timer control register the RIU 
bit will not be changed by the input transition. If the 
CONtinuous bit in the timer control register is cleared, 
the timer ENable bit will automatically be cleared at 
the end of the timer cycle. This means that any addi· 
tional transitions on the input pin will be ignored by the 
timer. If the CONtinuous bit in the timer control regis- 
ter is set, the timer will reset to zero and begin another 
timing cycle for every low-to-high transition on the in- 
put pin, regardless of whether the timer had reached 
the end of a timer cycle, because the timer ENable bit 
would not have been cleared at the end of the timing 
cycle. The timer will also continue counting at the end 
of a timer cycle, whether or not another transition has 
occurred on the input pin. An example use of the timer 
in this mode is an alarm clock time out signal or inter- 
rupt. 


Timers 0 and I each contain a single timer output pin. 
This pin can perform two functions at programmer op- 
tion. The first is a single pulse indicating the end of a 
timing cycle. The second is a level indicating the maxi- 
mum count register currently being used. The timer 
outputs operate as outlined below whether internal or 
external clocking of the timer is used. If external clock- 
ing is used, however, the user should remember that the 
time between an external transition on the timer input 
pin and the time this transition is reflected in the timer 
out pin will vary depending on when the input tran- 
sition occurs relative to the timer's being serviced by 
the counter element. 


When the timer is in single maximum count register 
mode (the ALTernate bit in the timer control register is 
cleared) the timer output pin will go low for a single 
CPU clock the clock after the timer is serviced by the 
counter element where maximum count is reached (see 
Figure 43). This mode is useful when using the timer as 
a baud rate generator. 


INTERNAl 
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When the timer is programmed 
in dual maximum 


count register mode (the ALTernate bit in the timer 
control register is set), the timer output pin indicates 
which maximum count register is being used. It is low 
if maximum count register B is being used for the cur- 
rent count, high if maximum count register A is being 
used. If the timer is programmed in continuous mode 
(the CONTinuous bit in the timer control register is 
set), this pin could generate a waveform of any duty 
cycle. For example, if maximum count register A con- 
tained 10 and maximum count register B contained 20, 
a 33% duty cycle waveform would be generated. 


The 80186 timers can be used for almost any applica- 
tion for which a discrete timer circuit would be used. 
These include real time clocks, baud rate generators, or 
event counters. 
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code to program the timer as a baud rate generator is 
included in Appendix D. 
The sample program in appendix D shows the 80186 
timer being used with the 80186 CPU to form a real 
time clock. In this implementation, 
Timer 2 is pro- 


grammed to provide an interrupt to the CPU every mil- 
lisecond. The CPU then increments 
memory based 


clock variables. 


The 80186 timer can be used to count events. Figure 46 
shows a hypothetical set up in which the 80186 timer 
will count the interruptions in a light source. The num- 
ber of interruptions can be read directly from the count 
register of the timer, since the timer counts up, i.e., 
each interruption in the light source will cause the tim- 
er count value to increase. The code to set up the 80186 
timer in this mode is included in Appendix D. 
The 80186 timers can also be used as baud rate genera- 
tors for serial communication 
controllers 
(e.g., the 


8274). Figure 45 shows this simple connection, and the 
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6.0 80186 
INTERRUPT 
CONTROLLER 
INTERFACING 


The 80186 contains an integrated interrupt controller. 
This unit performs tasks of the interrupt controller in a 
typical system. These include synchronization of inter- 
rupt requests, prioritization of interrupt requests, and 
request type vectoring in response to a CPU interrupt 
acknowledge. It can be a master to two external 8259A 
interrupt controllers or can be a slave to an external 
interrupt controller. 


The integrated interrupt 
controller block diagram is 


shown in Figure 47. It contains registers and a control 
element. Four inputs are provided for external interfac- 
ing to the interrupt controller. Their functions change 
according to the programmed mode of the interrupt 
controller. Like the other 80186 integrated peripheral 
registers, the interrupt controller registers are available 
for CPU reading or writing at any time. 


The interrupt controller operates in two major modes, 
master and slave mode. In master mode the integrated 
controller acts as the master interrupt controller for the 
system, while in slave mode the controller operates as a 
slave to an external interrupt controller which operates 
as the master interrupt controller for the system. Some 
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of the interrupt controller registers and interrupt con- 
troller pins change definition between these two modes, 
but the basic charter and function of the interrupt con- 
troller remains fundamentally the same. The difference 
is when in master mode, the interrupt controller pres- 
ents its interrupt 
input directly to the 80186 CPU, 


while in slave mode the interrupt controller presents its 
interrupt input to an external controller (which then 
presents its interrupt input to the 80186 CPU). Placing 
the interrupt controller in slave mode is done by setting 
the SLAVE/MASTER 
bit in the peripheral control 


block pointer (see Appendix A). 


The interrupt 
controller 
has a number of registers 


which are used to control its operation (see Figure 48). 
Some of these change their function between the two 
major modes of the interrupt controller (master and 
slave mode). The differences are indicated in the follow- 
ing section. If not indicated, the function and imple- 
mentation of the registers is the same in the two basic 
modes of operation of the interrupt 
controller. 
The 


method of interaction among the various interrupt con- 
troller registers is shown in the flowcharts in Figures 56 
and 57. 


Each source of interrupt 
to the 80186 has a control 


register in the internal controller. These registers con- 
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tain three bits which select one of eight different inter- 
rupt priority levels for the interrupt device (0 is highest 
priority, 7 is lowest priority), and a mask bit to enable 
the interrupt (see Figure 49). When the mask bit is low, 
the interrupt is enabled, when it is high, the interrupt is 
masked. 


There are seven control registers in the 80186 integrat- 
ed interrupt controller. In master mode, four of these 
serve the external interrupt inputs, one each for the two 
DMA channels, and one for the collective timer inter- 
rupts. In slave mode, the external interrupt inputs are 
not used, so each timer can have its own individual 
control register. 


The interrupt controller includes an interrupt request 
register (see Figure 50). This register contains seven 
active bits, one for each interrupt 
control register. 


Whenever an interrupt request is made by the interrupt 
source associated with a specific control register, the bit 
in interrupt request register is set, regardless if the in- 
terrupt is enabled, or if it is of sufficient priority to 
cause a processor interrupt. 
The bits in this register 


which are associated with integrated peripheral devices 
(the DMA and timer units) can be read or written, 
while the bits in this register which are associated with 
the external interrupt 
pins can only be read (values 
written to them are not stored). These interrupt request 
bits are automatically cleared when the interrupt is ac- 
knowledged. 


6.3.3 MASK REGISTER AND PRIORITY 


MASK REGISTER 


The interrupt controller contains a mask register (see 
Figure 50). This register contains a mask bit for each 
interrupt source associated with an interrupt 
control 


register. The bit for an interrupt source in the mask 
register is identically the same bit as is provided in the 
interrupt control register: modifying a mask bit in the 
control register will also modify it in the mask register, 
and vice versa. 


The interrupt controller also contains a priority mask 
register (see Figure 51). This register contains three bits 
which indicate the lowest priority an interrupt 
may 


have that will cause an interrupt acknowledge. Inter- 
rupts received which have a lower priority will be effec- 
tively masked off. Upon reset this register is set to the 
lowest priority of 7 to enable all interrupts of any prior- 
ity. This register may be read or written. 
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Figure 51. 80186 Interrupt Controller Priority 


Mask Register Format 


The interrupt controller contains an in-service register 
(see Figure 50). A bit in the in-service register is associ- 
ated with each interrupt control register so that when 
an interrupt request by the device associated with the 


control register is acknowledged by the processor (ei- 
ther by the processor running the interrupt acknowl- 
edge or by the processor reading the interrupt poll reg- 
ister) the bit is set. The bit is reset when the CPU issues 
an End Of Interrupt 
to the interrupt controller. This 


register may be both read and written, i.e., the CPU 
may set in-service bits without an interrupt ever occur- 
ring, or may reset them without using the EOI function 
of the interrupt controller. 


The interrupt controller contains both a poll register 
and a poll status register (see Figure 52). Both of these 
registers contain the same information. They have a 
single bit to indicate an interrupt is pending. This bit is 
set if an interrupt 
of sufficient priority has been re- 


ceived. It is automatically cleared when the interrupt is 
acknowledged. If (and only if) an interrupt is pending, 
they also contain information as to the interrupt type of 
the highest priority interrupt pending. 
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Poll Status Register Format 


Reading the poll register will acknowledge the pending 
interrupt to the interrupt controller just as if the proc- 
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essor had acknowledged the interrupt through interrupt 
acknowledge cycles. The processor will not actually run 
any interrupt acknowledge cycles, and will not vector 
through a location in the interrupt vector table. The 
contents of the interrupt request, in-service, poll, and 
poll status registers will change appropriately. Reading 
the poll status register will merely transmit the status of 
the polling bits without modifying any of the other in- 
terrupt 
controller 
registers. These registers are read 


only: data written to them is not stored. These registers 
are not supported in slave mode. The state of the bits in 
these registers in slave mode is not defined. 


The interrupt controller contains an End Of Interrupt 
register (see Figure 53). The programmer issues an End 
Of Interrupt to the controller by writing to this register. 
After receiving the End Of Interrupt, the interrupt con- 
troller automatically resets the in-service bit for the in- 
terrupt. The value of the word written to this register 
determines whether the End Of Interrupt is specific or 
non-specific. A non-specific End Of Interrupt is speci- 
fied by setting the non-specific bit in the word written 
to the End Of Interrupt register. In a non-specific End 
Of Interrupt, the in-service bit of the highest priority 
interrupt set is automatically cleared, while a specific 
End Of Interrupt allows the in-service bit cleared to be 
explicitly specified. The in-service bit is reset whether 
the bit was set by an interrupt acknowledge or if it was 
set by the CPU writing the bit directly to the in-service 
register. If the highest priority interrupt is reset, the 
poll and poll status registers will change to reflect the 
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next lowest priority interrupt to be serviced. If a less 
than highest priority interrupt in-service bit is reset, the 
priority poll and poll status registers will not be modi- 
fied (because the highest priority interrupt to be serv- 
iced has not changed). Only the specific EOI is support- 
ed in slave mode. This register is write only: data writ- 
ten is not stored and cannot be read back. 


The interrupt 
controller 
also contains 
an interrupt 


status register (see Figure 54). This register contains 
four significant bits. There are three bits used to show 
which timer is causing an interrupt. This is required 
because in master mode, the timers share a single inter- 
rupt control register. A bit in this register is set to indi- 
cate which timer has generated an interrupt. The bit 
associated with a timer is automatically cleared after 
the interrupt 
request for the timer is acknowledged. 
More than one of these bits may be set at a time. The 
fourth bit in the interrupt status register is the DMA 
halt bit (not implemented in slave mode). When set, 
this bit prevents any DMA activity. It is automatically 
set whenever a NMI is received by the interrupt con- 
troller. It can also be set explicitly by the programmer. 
This bit is automatically cleared whenever the IRET 
instruction is executed. All significant bits in this regis- 
ter are read/write. 


Finally, in slave mode only, the interrupt 
controller 


contains an interrupt vector register (see Figure 55). 
This register is used to specify the 5 most significant 
bits of the interrupt type vector placed on the CPU bus 
in response to an interrupt acknowledgement (the lower 
3 significant bits of the interrupt type are determined by 
the priority level of the device causing the interrupt in 
slave mode). 


The 80186 interrupt controller receives and arbitrates 
among many different interrupt request sources, both 
internal and external. Each interrupt 
source may be 


programmed to be a different priority level in the inter- 
rupt controller. An interrupt request generation flow 
chart is shown in Figure 56. Such a flowchart would be 
followed independently by each interrupt source. 


The internal interrupt sources are the three timers and 
the two DMA channels. An interrupt 
from each of 


these interrupt sources is latched in the interrupt con- 
troller, so that if the condition causing the interrupt is 
cleared in the originating integrated peripheral device, 
the interrupt request will remain pending in the inter- 


rupt controller. The state of the pending interrupt can 
be obtained by reading the interrupt request register of 
the interrupt controller. For all internal interrupts, the 
latched interrupt request can be reset by the processor 
by writing to the interrupt request register. Note that 
all timers share a common bit in the interrupt request 
register in master mode. The interrupt controller status 
register may be read to determine which timer is actual- 
ly causing the interrupt request in this mode. Each tim- 
er has a unique interrupt 
vector (see Section 6.5.1). 


Thus polling is not required to determine which timer 
has caused the interrupt in the interrupt service routine. 
Also, because the timers share a common interrupt 
control register, they are placed at a common priority 
level as referenced 
to all other 
interrupt 
devices. 


Among themselves they have a fixed priority, with tim- 
er 0 as the highest priority timer and timer 2 as the 
lower priority timer. 


The 80186 interrupt controller will accept external in- 
terrupt requests only when it is programmed in master 
mode. In this mode, the external pins associated with 
the interrupt controller may serve either as direct inter- 
rupt inputs, or as cascaded interrupt inputs from other 
interrupt controllers as a programmed option. These 
options are selected by programming the C and SFNM 
bits in the INTO and INTI control registers (see Figure 
49). 


When programmed as direct interrupt inputs, the four 
interrupt inputs are each controlled by an individual 
interrupt control register. As stated earlier, these regis- 
ters contain 3 bits which select the priority level for the 
interrupt and a single bit which enables the interrupt 
source to the processor. In addition each of these con- 
trol registers contains a bit which selects either edge or 
level triggered mode for the interrupt input. When edge 
triggered mode is selected, a low-to-high transition 
must occur on the interrupt input before an interrupt is 
generated, while in level triggered mode, only a high 
level needs to be maintained to generate an interrupt. In 
edge triggered mode, the input must remain low at least 
I clock cycle before the input is "re-armed." 
In both 


modes, the interrupt level must remain high until the 
interrupt is acknowledged, i.e., the interrupt request is 
not latched in the interrupt controller. The status of the 
interrupt input can be shown by reading the interrupt 
request register. Each of the external pins has a bit in 
this register which indicates an interrupt request on the 
particular pin. Note that since interrupt 
requests on 


these inputs are not latched by the interrupt controller, 
if the external input goes inactive, the interrupt requests 
(and also the bit in the interrupt request register) will 
also go inactive (low). Also, if the interrupt input is in 
edge triggered mode, a low-to-high transition on the 
input pin must occur before the interrupt request bit 
will be set in the interrupt request register. 


PRESENT 
INTERRUPT 
REQUEST 
TO 
EXTERNAL 
CONTROLLER 


If the C (Cascade) bit of the INTO or INTI control 
registers are set, the interrupt input is cascaded to an 
external interrupt controller. In this mode, whenever 
the interrupt presented to the INTO or INTI line is 
acknowledged, the integrated interrupt controller will 
not provide the interrupt type for the interrupt. In- 
stead, two INTA bus cycleswill be run, with the INT2 
and INT3 lines providing the interrupt acknowledge 
pulses for the INTO and the INTI interrupt requests 
respectively. INTOIINTI and INTIIINT3 may be in- 
dividually programmed into cascade mode. This allows 
128individuallyvectored interrupt sourcesif two banks 
of 8 external interrupt controllers each are used. 


When the interrupt controller is configured in slave 
mode, the integrated interrupt controller accepts in- 


terrupt requests only from the integrated peripherals. 
Any external interrupt requests must go through an 
external interrupt controller. This external interrupt 
controller requests interrupt service directly from the 
80186CPU through the INTOline on the 80186.In this 
mode, the function of this line is not affected by the 
integrated interrupt controller. In addition, in slave 
mode the integrated interrupt controller must request 
interrupt service through this external interrupt con- 
troller. This interrupt request is made on the INT3 line 
(see Section 6.6.4 on external interrupt connections). 


The 80186can respond to an interrupt in two different 
ways. The first will occur if the internal controller is 
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NOTES: 
1. Before actual interruptacknowledge is run by CPU 
2. Two interruptacknowledge cycles willbe run, the interrupttype is read by the CPUon the second cycle 
3. Interruptacknowledge cycles willnot be run, the interruptvector address is placed on an internal bus and is not 
availableoutside the processor 
4. Interrupttype is not drivenon external bus in slave mode 


providing the interrupt 
vector information with the 


controller in master mode. The second will occur if the 
CPU reads interrupt type information from an external 
interrupt controller or if the interrupt controller is in 
slave mode. In both of these instances the interrupt vec- 
tor information driven by the 80186 integrated inter- 
rupt controller is not available outside the 80186 micro- 
processor. 


In each interrupt mode, when the integrated interrupt 
controller receives an interrupt response, the interrupt 
controller will automatically set the in-service bit and 
reset the interrupt request bit in the integrated control- 
ler. In addition, unless the interrupt control register for 
the interrupt is set in Special Fully Nested Mode, the 
interrupt controller will prevent any interrupts from oc- 
curring from the same interrupt line until the in-service 
bit for that line has been cleared. 


In master mode, the interrupt types associated with all 
the interrupt sources are fixed and unalterable. These 
interrupt types are given in Table 5. In response to an 
internal CPU interrupt acknowledge the interrupt con- 
troller will generate the vector address rather than the 
interrupt type. On the 80186 (like the 8086) the inter- 
rupt vector address is the interrupt type multiplied by 
4. This speeds interrupt response. 


In master mode, the integrated interrupt controller is 
the master interrupt controller of the system. As a re- 
sult, no external interrupt controller need know when 
the integrated controller is providing an interrupt vec- 
tor, nor when the interrupt 
acknowledge is taking 


place. As a result, no interrupt acknowledge bus cycles 
will be generated. The first external indication that an 
interrupt has been acknowledged will be the processor 
reading the interrupt vector from the interrupt vector 
table in low memory. 


inter 


Interrupt 
Vector 
Default 


Name 
Type 
Priority 


Timer 0 
8 
Oa 


Timer 1 
18 
Ob 


Timer 2 
19 
Oc 


DMAO 
10 
2 


DMA1 
11 
3 


INTO 
12 
4 


INT 1 
13 
5 


INT2 
14 
6 


INT3 
15 
7 


Because the two interrupt acknowledge cycles are not 
run, and the interrupt vector address does not need to 
be calculated, interrupt response to an internally vec- 
tored interrupt is 42 clock cycles, which is faster than 
the interrupt response when external vectoring is re- 
quired, or if the interrupt 
controller is run in slave 


mode. 


If two interrupts of the same programmed priority oc- 
cur, the default priority scheme (as shown in Table 5) is 
used. 
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(HIGH) 


CAS 0 


In slave mode, the interrupt types associated with the 
various interrupt 
sources are alterable. The upper 5 


most significant bits are taken from the interrupt vector 
register, and the lower 3 significant bits are taken from 
the priority level of the device causing the interrupt. 
Because the interrupt type, rather than the interrupt 
vector address, is given by the interrupt controller in 
this mode the interrupt vector address must be calculat- 
ed by the CPU before servicing the interrupt. 


In slave mode, the integrated interrupt controller will 
present the interrupt type to the CPU in response to the 
two interrupt acknowledge bus cycles run by the proc- 
essor. During the first interrupt acknowledge cycle, the 
external master interrupt controller determines which 
slave interrupt controller will be 'allowed to place its 
interrupt vector on the microprocessor bus. During the 
second 
interrupt 
acknowledge 
cycle, the 
processor 


reads the interrupt vector from its bus. Thus, these two 
interrupt 
acknowledge cycles must be run, since the 


integrated controller will present the interrupt type in- 
formation only when the external interrupt controller 
signals the integrated controller that it has the highest 
pending interrupt request (see Figure 58). The 80186 
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Figure 58. 80186 Slave Mode Interrupt Acknowledge 
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samples the SLAVE SELECT line during the falling 
edge of the clock at the beginning of T3 of the second 
interrupt acknowledge cycle. This input must be stable 
20 ns before and 10 ns after this edge. 


These two interrupt 
acknowledge cycles will be run 


back to back, and will be LOCKED with the LOCK 
output active (meaning that DMA requests and HOLD 
requests will not be honored until both cycles have been 
run). Note that the two interrupt acknowledge cycles 
will always be separated by two idle T states, and that 
wait states will be inserted into the interrupt acknowl- 
edge cycle if a ready is not returned by the processor 
bus interface. The two idle T states are inserted to allow 
compatibility with the timing requirements of an exter- 
nal 8259A interrupt controller. 


Because the interrupt acknowledge cycles must be run 
in slave mode, even for internally generated vectors, 
and the integrated controller presents an interrupt type 
rather than a vector address, the interrupt 
response 


time here is the same as if an externally vectored inter- 
rupt was required, namely 55 CPU clocks. 


External 
interrupt 
vectoring 
occurs 
whenever 
the 


80186 interrupt controller is placed in cascade mode, 
special fully nested mode, or slave mode (and the inte- 
grated controller is not enabled by the external master 
interrupt controller). In this mode, the 80186 generates 
two interrupt acknowledge cycles, reading the in-ter- 
rupt type ofTthe lower 8 bits of the address/data bus on 
the second interrupt acknowledge cycle (see Figure 59). 
This interrupt response is exactly the same as the 8086, 
so that the 8259A interrupt controller can be used ex- 
actly as it would in an 8086 system. Notice that 


the two interrupt acknowledge cycles are LOCKED, 
and that two idle T-states are always inserted between 
the two interrupt acknowledge bus cycles, and that wait 
states will be inserted in the interrupt acknowledge cy- 
cle if a ready is not returned to the processor. Also 
notice that the 80186 provides two interrupt acknowl- 
edge signals, one for interrupts signaled by the INTO 
line, and one for interrupts signaled, by the INTI line 
(on the INT211NTAO and INT3/INTAllines, 
respec- 


tively). These two interrupt 
acknowledge signals are 


mutually exclusive. Interrupt 
acknowledge status will 


be driven on the status lines (SO-S2) when either 
INT211NTAO or INT311NTAI 
signal an interrupt ac- 


knowledge. 


6.5.4 EFFECT 
OF LOCK 
PREFIX 
ON 


INTERRUPT 
ACKNOWLEDGE 
CYCLES 


When the interrupt controller is operating in either the 
cascade or slave modes and an interrupt occurs during 
an instruction that has been LOCKED by software, the 
LOCK signal timing shown in Figures 58 and 59 may 
be altered. Some peripheral devices used with the 80186 
require contiguous INTA cycles to allow correct inter- 
rupt controller response. In such cases, the external cir- 
cuitry in Figure 60 should be used to ensure that DMA 
or HOLD requests are blocked' from "stealing" the bus 
during INTA cycles. 


6.6 
Interrupt Controller 
External 


Connections 


The four interrupt signals can be prograrnmably config- 
ured into 3 major options. These are direct interrupt 
inputs (with the integrated controller providing the in- 
terrupt vector), cascaded (with an external interrupt 
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controller 
providing the interrupt 
vector), or slave 


mode. In all these modes, any interrupt presented to the 
external lines must remain set until the interrupt is ac- 
knowledged. 


When the Cascade mode bits are cleared, the interrupt 
input lines are configured as direct interrupt input lines 
(see Figure 61). In this mode an interrupt source (e.g., 
an 8272 floppy disk controller) may be directly con- 
nected to the interrupt input line. Whenever an inter- 
rupt is received on the input line, the integrated con- 
troller will do nothing unless the interrupt is enabled, 
and it is the highest priority pending interrupt. At this 
time, the interrupt controller will present the interrupt 
to the CPU and wait for an interrupt acknowledge. 
When the acknowledge occurs, it will present the inter- 
rupt vector address to the CPU. In this mode, the CPU 
will not run any interrupt acknowledge cycles. 
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Figure 61. 80186 Non-Cascaded 
Interrupt 
Connection 


These lines can be individually programmed in either 
edge or level triggered mode using their respective con- 
trol registers. In edge triggered mode, a low-to-high 
transition must occur before the interrupt will be gener- 
ated to the CPU, while in level triggered mode, only a 
high level must be present on the input for an interrupt 
to be generated. In edge trigger mode, the interrupt 
input must also be low for at least 1 CPU clock cycle to 
insure recognition. In both modes, the interrupt input 
must remain active until acknowledged. 


When the Cascade mode bit is set and the SFNM bit is 
cleared, the interrupt input lines are configured in cas- 
cade mode. In this mode, the interrupt input line is 
paired with an interrupt acknowledge line. The INTI/ 
INTAO and INT3/INTAllines 
are dual purpose; they 


can function as direct input lines, or they can function 
as interrupt acknowledge outputs. INT2IINTAO 
pro- 


vides the interrupt acknowledge for an INTO input, and 
INT3/INTAI 
provides the interrupt acknowledge for 


an INTI input. Figure 62 shows this connection. 


When programmed in this mode, in response to an in- 
terrupt request on the INTO line, the 80186 will provide 
two interrupt acknowledge pulses. These pulses will be 
provided on the INTI/I NTAO line, and will also be 
reflected by interrupt acknowledge status being gener- 
ated on the SO-S2 status lines. On the second pulse, the 
interrupt type will be read in. The 80186 externally vec- 
tored interrupt response is covered in more detail in 
Section 6.5. 
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Figure 62. 80186 Cascade 
and Special Fully 
Nested 
Mode Interface 


INTO/INTI/INTAO 
and INTI/INTJ/INTAI 
may be 


individually 
programmed 
into interrupt 
request/ac- 


knowledge pairs, or programmed as direct inputs. This 
means that INTO/INT2IINTAO 
may be programmed 


as an interrupt/acknowledge 
pair, while INTI 
and 


INT3/INTAI 
each provide separate internally vec- 


tored interrupt inputs. 


When an interrupt is received on a cascaded interrupt, 
the priority mask bits and the in-service bits in the par- 
ticular interrupt control register will be set into the in- 
terrupt controller's mask and priority mask registers. 
This will prevent the controller from generating an 
80186 CPU interrupt request from a lower priority in- 
terrupt. Also, since the in-service bit is set, any subse- 
quent interrupt requests on the particular interrupt in- 
put line will not cause the integrated interrupt control- 
ler to generate an interrupt request to the 80186 CPU. 
This means that if the external interrupt controller re- 
ceives a higher priority interrupt request on one of its 
interrupt request lines and presents it to the 80186 in- 
terrupt request line, it will not subsequently be present- 
ed to the 80186 CPU by the integrated interrupt con- 
troller until the in-service bit for the interrupt line has 
been cleared. 


When both the Cascade mode bit and the SFNM bit are 
set, the interrupt input lines are configured in Special 
Fully Nested Mode. The external interface in this mode 
is exactly as in Cascade Mode. The only difference is in 
the conditions allowing an interrupt from the external 
interrupt controller to the integrated interrupt control- 
ler to interrupt the 80186 CPU. 


When an interrupt is received from a special fully nest- 
ed mode interrupt line, it will interrupt the 80186 CPU 
if it is the highest priority interrupt pending regardless 
of the state of the in-service bit for the interrupt source 
in the interrupt controller. When an interrupt is ac- 


knowledged from a special fully nested mode interrupt 
line, the priority mask bits and the in-service bits in the 
particular interrupt control register will be set into the 
interrupt controller's in-service and priority mask regis- 
ters. This will prevent the interrupt 
controller from 


generating an 80186 CPU interrupt request from a low- 
er priority interrupt. Unlike cascade mode, however, 
the interrupt controller will not prevent additional in- 
terrupt requests generated by the same external inter- 
rupt controller from interrupting the 80186 CPU. This 
means that if the external (cascaded) interrupt control- 
ler receives a higher priority interrupt request on one of 
its interrupt request lines and presents it to the integrat- 
ed controller's interrupt request line, it may cause an 
interrupt to be generated to the 80186 CPU, regardless 
of the state of the in-service bit for the interrupt line. 


If the SFNM mode bit is set and the Cascade mode bit 
is not also set, the controller will provide internal inter- 
rupt vectoring. It will also ignore the state of the in- 
service bit in determining whether to present an inter- 
rupt request to the CPU. In other words, it will use the 
SFNM conditions of interrupt generation with an inter- 
nally vectored interrupt response, i.e., if the interrupt 
pending is the highest priority type pending, it will 
cause a CPU interrupt regardless of the state of the in- 
service bit for the interrupt. 


When the SLAVE/MASTER 
bit in the peripheral relo- 


cation register is set, the interrupt controller is set into 
slave mode. In this mode, all four interrupt controller 
input lines are used to perform the necessary handshak- 
ing with the external master interrupt controller. Fig- 
ure 63 shows the hardware configuration of the 80186 
interrupt 
lines with an external controller 
in slave 


mode. 


inter 


Because the integrated interrupt controller is a slave 
controller, it must be able to generate an interrupt input 
for an external interrupt controller. It also must be sig- 
naled when it has the highest priority pending interrupt 
to know when to place its interrupt vector on the bus. 
These two signals are provided by the INT3/Slave In- 
terrupt Output and INTI/Slave 
Select lines, respective- 


ly. The external master interrupt controller must be 
able to interrupt the 80186 CPU, and needs to know 
when the interrupt request is acknowledged. The INTO 
and INT2IINT AO lines provide these two functions. 


6.7 Example 8259A/Cascade Mode 


Interface 


Figure 64 shows the 80186 and 8259A in cascade inter- 
rupt mode. The code to initialize the 80186 interrupt 
controller is given in Appendix E. Notice that an "in- 


terrupt ready" signal must be returned to the 80186 to 
prevent the generation of wait states in response to the 
interrupt acknowledge cycles. In this cortfiguration the 
INTO and INT2 lines are used as direct interrupt input 
lines. Thus, this configuration provides 10 external in- 
terrupt lines: 2 provided by the 80186 interrupt control- 
ler itself, and 8 from the external 8259A. Also, the 
8259A is configured as a master interrupt controller. It 
will only receive interrupt acknowledge pulses in re- 
sponse to an interrupt it has generated. It may be cas- 
caded again to up to 8 additional 8259As (each of 
which would be configured in slave mode). 


Interrupt latency time is the time from when the 80186 
receives the interrupt to the time it begins to respond to 
the interrupt. This is different from interrupt response 
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time, which is the time from when the processor actual- 
ly begins processing the interrupt to when it actually 
executes the first instruction of the interrupt 
service 


routine. The factors affecting interrupt latency are the 
intstruction being executed and the state of the inter- 
rupt enable flip-flop. 


Interrupts 
will be acknowledged only if the interrupt 


enable flip-flop in the CPU is set. Thus, interrupt laten- 
cy will be very long indeed if interrupts are never en- 
abled by the processor! 


When interrupts are enabled in the CPU, the interrupt 
latency is a function of the instructions being executed. 
Only repeated instructions will be interrupted 
before 


being completed, and those only between their respec- 
tive iterations. This means that the interrupt latency 
time could be as long as 69 CPU clocks, which is the 
time it takes the processor to execute an integer divide 
instruction (with a segment override prefix, see below), 
the longest single instruction on the 80186. 


Other factors can affect interrupt latency. An interrupt 
will not be accepted between the execution of a prefix 
(such as segment override prefixes and lock prefixes) 
and the instruction. In addition, an interrupt will not be 
accepted between an instruction which modifies any of 
the segment registers and the instruction immediately 
following the instruction. This is required to allow the 
stack to be changed. If the interrupt were accepted, the 
return address from the interrupt would be placed on a 
stack which was not valid (the Stack Segment register 
would have been modified but the Stack Pointer regis- 
ter would not have been). Finally, an interrupt will not 
be accepted between the execution of the WAIT in- 
struction and the instruction immediately following it if 
the TEST input is active. If the WAIT sees the TEST 
input inactive, however, the interrupt will be accepted, 
and the WAIT will be re-executed after the interrupt 
return. This is required, since the WAIT is used to pre- 
vent execution by the 80186 of an 8087 instruction 
while the 8087 is busy. 


The 80186 includes a clock generator which generates 
the main clock signal for all 80186 integrated compo- 
nents, and all CPU synchronous devices in the 80186 
system. This clock generator includes a crystal oscilla- 
tor, divide by two counter, reset circuitry, and ready 
generation logic. A block diagram of the clock genera- 
tor is shown in Figure 65. 


The 80186 crystal oscillator is a parallel resonant, 
Pierce oscillator. It was designed to be used as shown in 
Figure 66. The capacitor values shown are approxi- 
mate. As the crystal frequency drops, they should be 
increased, so that at the 4 MHz minimum crystal fre- 
quency supported by the 80186 they take on a value of 
30 pF. The output of this oscillator is not directly avail- 
able outside the 80186. 


The following parameters may be used for choosing a 
crystal: 
Temperature Range: 
ESR (Equivalent Series Resistance): 
Co (Shunt Capacitance of Crystal): 
C, (Load Capacitance): 
Drive Level: 


o to 70·C 
30n max 
7.0 pF max 
20pF ±2pF 
I mWmax 
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An external oscillator may be used with the 80186. The 
external frequency input (EFI) signal is connected di- 
rectly to the XI input of the oscillator. X2 should be 
left open. This oscillator input is used to drive an inter- 
nal divide-by-two counter to generate the CPU clock 
signal, so the external frequency input can be of practi- 
cally any duty cycle, so long as the minimum high and 
low times for the signal (as stated in the data sheet) are 
met. 


The output of the crystal oscillator (or the external fre- 
quency input) drives a divide by two circuit which gen- 
erates a 50% duty cycle clock for the 80186 system. All 
80186 timing is referenced to this signal, which is avail- 
able on the CLKOUT pin of the 80186. This signal will 
change state on the high-to-Iow transition of the EFI 
signal. 


The clock generator also includes the circuitry required 
for ready generation. Interfacing to the SRDY and 
ARDY inputs this provides is covered in Section 3.1.6. 


The 80186 clock generator also provides a synchroniz- 
ed reset signal for the ~m. 
This signal is generated 


from the reset input (RES) to the 80186. The clock 
generator synchronizes this signal to the clockout sig- 
nal. 


The reset input signal also resets the divide-by-two 
counter. A one clock cycle internal clear pulse is gener- 
ated when the RES input signal first goes active. This 
clear pulse goes active beginning on the first low-to- 
high transition of the XI input after RES goes active, 
and goes inactive on the next low-to-high transition of 
the XI input. In order to insure that the clear pulse is 
generated on the next EFI cycle, the RES input signal 
must satisfy a 25 ns setup time to the high-to-Iow EFI 
input signal (see Figure 67). During this clear, clockout 


will be high. On the next high-to-Iow transition of XI, 
clockout will go low, and will change state on every 
subsequent high-to-Iow transition of EFI. 


The reset signal presented to the rest of the 80186, and 
also the signal present on the RESET output pin of the 
80186 is synchronized by the high-to-Iow transition of 
the clockout signal of the 80186. This signal remains 
active as long as the RES input also remains active. 
After the RES input goes inactive, the 80186 will begin 
to 
fetch its first instruction 
(at 
memory 
location 


FFFFOH) after 6 1/2 CPU clock cycles (i.e., TI of the 
first instruction fetch will occur 6 1/2 clock cycles lat- 
er). To insure that the RESET ouput will go inactive on 
the next CPU clock cycle, the inactive going edge of the 
RES input must satisfy certain hold and setup times to 
the low-to-high edge of the clockout signal of the 80186 
(see Figure 68). 


~~ 
Q)~l 


\~- 


The 80186 includes a chip select unit which generates 
hardware chip select signals for memory and I/O ac- 
cesses generated by the 80186 CPU and DMA units. 
This unit is programmable such that it can be used to 
fulfill the chip select requirements (in terms of memory 
device or bank size and speed) of most small and medi- 
um sized 80186 systems. 


The chip selects are driven only for internally generated 
bus cycles. Any cycles generated by an external unit 
(e.g., an external DMA controller) will not cause the 
chip selects to go active. Thus, any external bus masters 
must be responsible for their own chip select genera- 
tion. Also, during a bus HOLD, the 80186 does not 
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float the chip select lines. Therefore, logic must be in- 
cluded to enable the devices which the external bus 
master wishes to access (see Figure 69). 


The 80186 provides six discrete chip select lines which 
are meant to be connected to memory components in 
an 80186 system. These signals are named UCS, LCS, 
and MCSO-3 for Upper Memory Chip Select, Lower 
Memory Chip Select and Midrange Memory Chip Se- 
lect 0-3. They are meant (but not limited) to be con- 
nected to the three major areas of the 80186 system 
memory (see Figure 70). 
~l 
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As could be guessed by their names, upper memory, 
lower memory, and mid-range memory chip selects are 
designed to address upper, lower, and middle areas of 
memory in an 80186 system. The upper limit of UCS 
and the lower limit of LCS are fixed at FFFFFH 
and 


OOOOOHin memory space, respectively. The other limit 
of these is set by the memory size programmed into the 
control 
register for the chip select line. Mid-range 


memory allows both the base address and the block size 
of the memory area to be programmed. The only limi- 
tation is that the base address must be programmed to 
be an integer multiple of the total block size. For exam- 


pie, if the block size was 128K bytes (4 32K byte 
chunks) the base address could be 0 or 20000H, but not 
l0000H. 


The memory chip selects are controlled by 4 registers in 
the peripheral control block ~ 
Figure 71). These in- 


clude I each for UCS and LCS, the values of which 
determine the size of the memory blocks addressed by 
these two lines. The other two registers are used to 
control the size and base address of the mid-range 
memory block. 


On reset, only UCS is active. It is programmed by reset 
to be active for the top lK memory block, to insert 3 
wait states to all memory fetches, and to factor external 
ready for every memory fetch (see Section 8.3 for more 
information on internal ready generation). All other 
chip select registers assume indeterminate states after 
reset, but none of the other chip select lines will be 
active until all necessary registers for a signal have been 
accessed (not necessarily written, a read to an uninitial- 
ized register will enable the chip select function con- 
trolled by that register). 


The 80186 provides seven discrete chip select lines 
which are meant to be connected to peripheral compo- 
nents in an 80186 system. These signals are named 
PCSO-6. Each of these lines is active for one of seven 
continuous 
128 byte areas in memory or I/O space 


above a programmed base address. 


The peripheral chip selects are controlled by two regis- 
ters in the internal peripheral control block (see Figure 
71). These registers allow the base address of the pe- 
ripherals to be set, and allow the peripherals to be 
mapped into memory or I/O space. Both of these regis- 
ters must be accessed before any of the peripheral chip 
selects will become active. 


A bit in the MPCS register allows PCS5 and PCS6 to 
become latched A I and A2 outputs. When this option 
is selected, PCS5 and PCS6 will reflect the state of Al 
and A2 throughout a bus cycle. These are provided to 
allow external peripheral register selection in a system 
in which the addresses are not latched. Upon reset, 
these lines are driven high. They will only reflect Al 
and A2 after both PACS and MPCS have been ac- 
cesssed (and are programmed to provide Al and A2!). 
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UMCS 


LMCS 


PACS 


MMCS 


MPCS 


The 80186 includes Ii ready generation unit. This unit 
generates an internal ready signal for all accesses to 
memory or I/O areas to which the chip select circuitry 
of the 80186 responds. 


For each ready generation area, 0-3 wait states may be 
inserted by the internal unit. Table 6 shows how the 
ready control bits should be programmed to provide 
this. In addition, the ready generation circuit may be 
programmed to ignore the state of the external ready 
(i.e., only the internal ready circuit will be used) or to 
factor the state of the external ready (i.e., a ready will 
be returned to the processor only after both the internal 
ready circuit has gone ready and the external ready has 
gone ready). Some kind of circuit must be included to 
generate an external ready, however, since upon reset 
the ready generator is programmed to factor external 
ready to all accesses to the top 1K byte memory block. 
If a ready was not returned on one of the external ready 
lines (ARDY or SRDY) the processor would wait for- 
ever to fetch its first instruction. 


R2 
R1 
RO 
Number of Wait States 


0 
0 
0 
o + external 
ready 


0 
0 
1 
1 + external 
ready 


0 
1 
0 
2 + external 
ready 


0 
1 
1 
3 + external 
ready 


1 
0 
0 
o (no external 
ready required) 


1 
0 
1 
1 (no external 
ready required) 


1 
1 
0 
2 (no external 
ready required) 


1 
1 
1 
3 (no external 
ready required) 


Many examples of the use of the chip select lines are 
given in the bus interface section of this note (Section 
3.2). These examples show how simple it is to use the 
chip select function provided by the 80186. The key 
point to remember when using the chip select function 
is that they are only activated during bus cycles gener- 
ated by the 80186 CPU or DMA units. When another 
master has the bus, it must generate its own chip select 
function. In addition, whenever the bus is given by the 
80186 to an external master (through 
the HOLD/ 


HLDA arrangement) 
the 80186 does NOT float the 


chip select lines. 


Generally, the chip selects of the 80186 should not be 
programmed such that any two areas overlap. In addi- 
tion, none of the programmed chip select areas should 
overlap any of the locations of the integrated 256-byte 
control register block. The consequences of doing this 
are: 


Whenever two chip select lines are programmed to re- 
spond to the same area, both will be activated during 
any access to that area. When this is done, the ready 
bits for both areas must be programmed to the same 
value. If this is not done, the processor response to an 
access in this area is indeterminate. This rule also ap- 
plies to overlapping chip selects with the integrated 
control block. 
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If any of the chip select areas overlap the integrated 
256-byte control block, the timing on the chip select 
line is altered. An access to the control block will tem- 
porarily activate the corresponding chip select pin, but 
it will go inactive prematurely. 


Since the 80186 is object code compatible with the 8086 
and 8088, the software in an 80186 system is very simi- 
lar to that in an 8086 system. Because of the hardware 
chip select functions, however, a certain amount of ini- 
tialization code must be included when using those 
functions on the 80186. 


9.1 System Initialization 
in an 


80186 System 


Most programmable components of a computer system 
must be initialized before they are used. This is also 
true for the 80186. The 80186 includes circuitry which 
directly affects the ability of the system to address 
memory and 110 devices, namely the chip select cir- 
cuitry. This circuitry must be initialized before the 
memory areas and peripheral devices addressed by the 
chip select signals are used. 


Upon reset, the UMCS register is programmed to be 
active for all memory fetches within the top IK byte of 
memory space. It is also programmed to insert three 
wait states to all memory accesses within this space. If 
the hardware chip selects are used, they must be pro- 
grammed before the processor leaves this 1K byte area 
of memory. If a jump to an area for which the chips are 
not selected occurs, the microcomputer 
system will 


cease to operate (since the processor will fetch garbage 
from the data bus). Appendix F shows a typical initiali- 
zation sequence for the 80186 chip select unit. 


Once the chip selects have been properly initialized, the 
rest of the 80186 system may be initialized much like an 
8086 system. For example, the interrupt vector table 
might get set up, the interrupt controller initialized, a 
serial I/O channel initialized, and the main program 
begun. Note that the integrated peripherals included in 
the 80186 do not share the same programming model 
as the standard 
Intel peripherals used to implement 


these functions in a typical 8086 system, i.e. different 
values must be programmed into different registers to 
achieve the same function using the integrated periph- 
erals. Appendix F shows a typical initialization se- 
quence for an interrupt driven system using the 80186 
interrupt controller. 


9.2 
Instruction 
Execution 
Differences 


between 
the 8086 and 80186 


There are a few instruction execution differences be- 
tween the 8086 and the 80186. These differences are: 


When the opcodes 63H, 64H, 65H, 66H, 67H, F1H, 
FEH XXll1XXXB 
and FFH XXll1XXXB 
are exe- 


cuted, the 80186 will execute an illegal instruction ex- 
ception, interrupt type 6. The 8086 will ignore the op- 
code. 


When the opcode OFH is encountered, the 8086 will 
execute a POP CS, while the 80186 will excecute an 
illegal instruction exception, interrupt type 6. 


When a word write is performed at offset FFFFH in a 
segment, the 8086 will write one byte at offset FFFFH, 
and the other at offset 0, while the 80186 will write one 
byte at offset FFFFH, and the other at offset 10000H 
(one byte beyond the end of the segment). One byte 
segment underflow will also occur (on the 80186) if a 
stack PUSH is executed and the Stack Pointer contains 
the value 1. 


Before the 80186 performs a shift or rotate by a value 
(either in the CL register, or by an immediate value) it 
ANDs the value with IFH, limiting the number of bits 
rotated to less than 32. The 8086 does not do this. 


The 8086 activates its LOCK signal immediately after 
executing the LOCK prefix. The 80186 does not acti- 
vate the LOCK signal until the processor is ready to 
begin the data cycles associated with the LOCKed in- 
struction. 


NOTE: 
When executing more than one LOCKed instruction, 
always make sure there are 6 bytes of code between 
the end of the first LOCKed instruction and the start 
of the second LOCKed instruction. 


If an 8086 is interrupted during the execution of a re- 
peated string move instruction, the return value it will 
push on the stack will point to the last prefix instruc- 
tion before the string move instruction. If the instruc- 
tion had more than one prefix (e.g., a segment override 
prefix in addition to the repeat prefix), it will not be re- 
executed upon returning from the interrupt. The 80186 
will push the value of the first prefix to the repeated 
instruction, so long as prefixes are not repeated, allow- 
ing the string instruction to properly resume. 


CONDITIONS 
CAUSING 
DIVIDE 
ERROR 
WITH 
AN INTEGER 
DIVIDE: 


The 8086 will cause a divide error whenever the abso- 
lute value of the quotient is greater than 7FFFH (for 
word operations) or if the absolute value of the quotient 
is greater than 7FH (for byte operations). The 80186 
has expanded the range of negative numbers allowed as 
a quotient by I to include 8000H and 80H. These num- 
bers represent the most negative numbers representable 
using 2's complement arithmetic (equaling - 32768 and 
-128 
in decimal, respectively). 


The 80186 may be programmed to cause an interrupt 
type 7 whenever an ESCape instruction (used for co- 
processors like the 8087) is executed. The 8086 has no 
such provision. Before the 80186 performs this trap, it 
must be programmed to do so. 


These differences can be used to determine whether the 
program is being executed on an 8086 or an 80186. 
Probably the safest execution difference to use for this 
purpose is the difference in multiple bit shifts. For ex- 
ample, if a multiple bit shift is programmed where the 
shift count (stored in the CL register!) is 33, the 8086 
will shift the value 33 bits, whereas the 80186 will shift 
it only a single bit. 


In addition to the instruction execution differences not- 
ed above, the 80186 includes a number of new instruc- 
tion types, which simplify assembly language program- 
ming of the processor, and enhance the performance of 
higher level languages running on the processor. These 
new 
instructions 
are 
covered 
in 
depth 
in 
the 


8086/80186 users manual and in Appendix H of this 
note. 


The 80186 is a glittering example of state-of-the-art in- 
tegrated circuit technology applied to make the job of 
the microprocessor system designer simpler and faster. 
Because many of the required peripherals and their in- 
terfaces have been cast in silicon, and because of the 
timing and drive latitudes provided by the part, the 
designer is free to concentrate on other issues of system 
design. As a result, systems designed around the 80186 
allow applications where no other processor has been 
able to provide the necessary performance at a compa- 
rable size or cost. 
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All the integrated peripherals within the 80186 micro- 
processor are controlled by sets of registers contained 
within an integrated peripheral control block. The reg- 
isters are physically located within the peripheral devic- 
es they control, but are addressed as a single block of 
registers. This set of registers encompasses 256 contigu- 
ous bytes and can be located on any 256 byte boundary 
of the 80186 memory or I/O space. A map of these 
registers is shown in Figure A-I; any unused bytes are 
reserved. 


A.1 
SETTING 
THE BASE LOCATION 
OF THE PERIPHERAL 
CONTROL 


BLOCK 


In addition to the control registers for each of the inte- 
grated 80186 peripheral devices, the peripheral control 


block contains the peripheral control block relocation 
register. This register allows the peripheral 
control 


block to be re-Iocated on any 256 byte boundary within 
the processor's 
memory or I/O 
space. Figure 
A-2 


shows the layout of this register. 


This register is located at offset FEH within the periph- 
eral control block. Since it is itself contained within the 
peripheral control block, any time the location of the 
peripheral control block is moved, the location of the 
relocation registers will also move. 


In addition to the peripheral control block relocation 
information, the relocation register contains two addi- 
tional bits. One is used to set the interrupt controller 
into slave mode. The other is used to force the proces- 
sor to trap whenever an ESCape (coprocessor) instruc- 
tion is encountered. 


Figure A·1. 80186 Integrated 
Peripheral 
Control 
Block 
22-296 
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NOTES: 
ET = ESCTrap / No ESC Trap (1/0) 
MilO = Re ister BlockLocated in Memory/ I/O Space (1/0) 
SLAVE/MATER = Master InterruptControllerMode / Slave 
InterruptControllerMode (0/1) 


Figure A·2. 80186 Relocation Register Layout 


Because the relocation register is contained within the 
peripheral control block, upon reset the relocation reg- 
ister is automatically 
programmed 
with 
the 
value 


20 FFH. This means that the peripheral control block 
will be located at the very top (FFOOH to FFFFH) 
of 


I/O space. Thus, after reset the relocation register will 
be located at word location FFFEH in I/O space. 


If the user wished to locate the peripheral control block 
starting at memory location lOOOOHhe would program 
the peripheral control register with the value 11OOH. 
By doing this, he would move all registers within the 
integrated peripheral control block to memory loca- 
tions lOOOOHto lOOFFH. Note that since the reloca- 
tion reiister is contained within the peripheral control 
block, it too would move to word location lOOFEH in 
memory space. 


Whenever mapping the 188 peripheral control block to 
another location, the programming of the relocation 
register should be done with a byte write (i.e., OUT 
DX,AL). Any access to the control block is done 16 
bits at a time. Thus, internally, the relocation register 
will get written with 16 bits of the AX register while 
externally, the BIU will run only one 8 bit bus cycle. If 
a word instruction is used (i.e., OUT DX,AX), the relo- 
cation register will be written on the first bus cycle. The 
BIU will then run a second bus cycle which is unneces- 
sary. The address of the second bus cycle will no longer 
be within the control block (i.e., the control block was 
moved on the first cycle), and therefore, will require the 
generation of an external ready signal to complete the 
cycle. For this reason we recommend byte operations to 
the relocation register. Byte instructions may also be 
used for the other registers in the control block and will 
eliminate half of the bus cycles required if a word oper- 
ation had been specified. Byte operations are only valid 
on even addresses though, and are undefined on odd 
addresses. 


A.2 Peripheral Control Block 
Registers 


Each of the integrated peripherals' control and status 
registers are located at a fixed location above the pro- 
grammed base location of the peripheral control block. 
There are many locations within the peripheral control 
block which are not assigned to any peripheral. If a 
write is made to any of these locations, the bus cycle 
will be run, but the value will not be stored in any 
internal location. This means that if a subsequent read 
is made to the same location, the value written will not 
be read back. 


The processor will run an external bus cycle for any 
memory or I/O cycle which accesses a location within 
the integrated control block. This means that the ad- 
dress, data, and control information will be driven on 
the 80186 external pins just as if a "normal" bus cycle 
had been run. Any information returned by an external 
device will be ignored, however, even if the access was 
to a location which does not correspond to any of the 
integrated peripheral control registers. The above is 
also true for the 80188, except that the word access 
made to the integrated registers will be performed in a 
single bus cycle internally, while externally, the BIU 
runs two bus cycles. 


The processor internally generates a ready signal when- 
ever any of the integrated peripherals are accessed; thus 
any external ready signals are ignored whenever an ac- 
cess is made to any location within the integrated pe- 
ripheral register control block. This ready will also be 
returned if an access is made to a location within the 
256 byte area of the peripheral control block which 
does not correspond to any integrated peripheral con- 
trol register. The processor will insert 0 wait states to 
any access within the integrated 
peripheral 
control 


block except for accesses to the timer registers. ANY 
access to the timer control and counting registers will 
incur 1 wait state. This wait state is required to proper- 
ly multiplex processor and counter element accesses to 
the timer control registers. 


All accesses made to the integrated peripheral control 
block will be WORD accesses. Any write to the inte- 
grated registers will modify all 16 bits of the register, 
whether the opcode specified a byte write or a word 
write. A byte read from an even location should cause 
no problems, but the data returned when a byte read is 
performed from an odd address within the peripheral 
control block is undefined. This is true both for the 


80186 AND the 80188. As stated above, even though 
the 80188 has an external 8 bit data bus, internally it is 
still a 16 bit machine. Thus, the word accesses per- 
formed to the integrated registers by the 80188 will 
each occur in a single bus cycle internally while exter- 
nally the BIU runs two bus cycles. The DMA control- 
ler must not be used for either read or write accesses to 
the peripheral control block. 


APPENDIX 
B 
80186 SYNCHRONIZATION 
INFORMATION 


Many input signals to the 80186 are asynchronous, that 
is, a specified set up or hold time is not required to 
insure proper functioning of the device. Associated 
with each of these inputs is a synchronizer which sam- 
ples this external asynchronous signal, and synchroniz- 
es it to the internal 80186 clock. 


B.1 WHY SYNCHRONIZERS 
ARE 
REQUIRED 


Every data latch requires a certain set up and hold time 
in order to operate properly. At a certain window with- 
in the specified set up and hold time, the part will actu- 
ally try to latch the data. If the input makes a transition 
within this window, the output will not attain a stable 
state within the given output delay time. The size of 
this sampling window is typically much smaller than 
the actual window specified by the data sheet, however 
part to part variation could move this window around 
within the specified window in the data sheet. 


Even if the input to a data latch makes a transition 
while a data latch is attempting to latch this input, the 
output of the latch will attain a stable state after a cer- 
tain amount of time, typically much longer than the 
normal strobe to output delay time. Figure B-1 shows a 
normal input to output strobed transition and one in 
which the input signal makes a transition during the 
latch's sample window. In order to synchronize an 
asynchronous signal, all one needs to do is to sample 
the signal into one data latch, wait a certain amount of 
time, then latch it into a second data latch. Since the 
time between the strobe into the first data latch and the 
strobe into the second data latch allows the first data 
latch to attain a steady state (or to resolve the asyn- 
chronous signal), the second data latch will be present- 
ed with an input signal which satisfies any set up and 
hold time requirements it may have. 


Thus, the output of this second latch is a synchronous 
signal with respect to its strobe input. 


A synchronization failure can occur if the synchronizer 
fails to resolve the asynchronous transition within the 
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H'IJT 


RESPONSE ------, 


Figure B·1. Valid and Invalid Latch Input 
Transitions and Responses 


time between the two latch's strobe signals. The rate of 
failure is determined by the actual size of the sampling 
window of the data latch, and by the amount of time 
between the strobe signals of the two latches. Obvious- 
ly, as the sampling window gets smaller, the number of 
times an asynchronous transition will occur during the 
sampling window will drop. In addition, however, a 
smaller sampling window is also indicative of a faster 
resolution time for an input transition which manages 
to fall within the sampling window. 


The 80186 contains synchronizers on the RES, TEST, 
TmrInO-I, 
DRQO-I, 
NMI, 
INTO-3, 
ARDY, 
and 


HOLD input lines. Each of these synchronizers use the 
two stage synchronization 
technique described above 


(with some minor modifications for the ARDY line, see 
section 3.1.6). The sampling window of the latches is 
designed to be in the tens of pico-seconds, and should 
allow operation of the synchronizers with a mean time 
between failures of over 30 years assuming continuous 
operation. 


inter 


APPENDIX 
C 
801,86 EXAMPLE DMA INTERFACE 
CODE 


This 
file contains 
an example 
procedure 
which 
initializcs 
the 80186 
DMA 


controller 
to perform 
the DMA 
transfers 
between 
the 80186 
system 
and 
the 
82n Floppy Disk Controller (FDC). It •••urnes th•• lhe 80186 
peripheral 
control 
block 
has not 
been 
moved 
from 
its reset location. 


argl 
equ 


or82 
equ 


arg3 
equ 
DMA..FROM.LOWER 
equ 
OMA..FROM.UPPER 
equ 


OMA..TO.LOWER 
equ 


OMA..TO.UPPER 
equ 


OMA..COUNT 
equ 


OMA..CONTROL 
equ 
OMA..TO.DISK..CONTROL 
equ 


word ptr IBP + 4) 
word p'r IBP + 6J 
word ptr IBP + 8J 
OFFCOh 
OFFC2h 
OFFC4h 
OFFC6h 
OFFC8h 
OFFCAh 
01486h 
destination synchronization 
source 
to memory, 
incrcmcntcd 


destin.tion to I/O 
no terminal 
count 
byte transfers 


source synchronization 
sour"" to I/O 
destination to memory. incr 
no terminal 
count 
byte transfers 
FDC OMA .ddress 
FDC data register 
FDC status register 


FOCOMA 
equ 
6B8h 


FOCOATA 
equ 
688h 


FDC.5TATUS 
equ 
680h 


cgroup 
group 
code 


code 
segment 
public 
scLdma.. 


assume 
cs:cgroup 


seLdma 
(offset,to) 
programs 
the DMA 
channel 
to point onc side to the 


disk DMA address, and the other to memory pointed to by ds:offset. If 
'to' - 0 then will be a transfer from disk to memory; if 
'to' = 1 then will be a transfer from memory to disk. The parameters to 
the routine are passed on the stack. 


neor 
0,0 
AX 
BX 
OX 
or82,1 


jz 
from..disk 


performing a transfer from memory to the disk controller 


get the segment value 
gen the upper 4 bits of the 
physical address in the lower 4 
bits of the register 


inter 


mov 
eX,AX 
save the result ... 


mov 
OX,OMA.FROM.UPPER 
prgm the upper 4 bilS of the 
oul 
OX,AX 
DMA source register 
and 
AX,OFFFOh 
form the lower 16 bits of the 
physical address 
add 
AX,argl 
add the offsel 
mov 
OX,OMA.FROM.LOWER 
prgm Ihe lower 16 bits of the 


out 
OX,AX 
DMA source register 
joc 
no..carTy.from 
check for carry out of addition 


ioe 
ex 
ifcarry OUl, then need to adj 


mov 
AX,eX 
the upper 4 bits of the pointer 
mov 
OX,OMA.FROM.UPPER 
out 
OX,AX 


no..carryJrom: 


mov 
AX,FDC.OMA 
prgm the low 16 bilS of the OMA 


mov 
OX,OMA.TO.LOWER 
destination register 


oul 
OX,AX 


.or 
AX,AX 
zero the up" bits of the DMA 


mov 
OX,OMA. TO.UPPER 
destination register 
out 
OX,AX 
mov 
AX,OMA. TO.OISK.CONTROL; 
prgm the OMA ell reg 
mov 
OX,OMA.CONTROL 
note: DMA may begin immediatly 


out 
OX,AX 
after this word is output 
pop 
OX 
pop 
ex 
pop 
AX 
leave 
ret 


mov 
AX,OS 
rol 
AX,4 
mov 
OX,OMA. TO.UPPER 
out 
OX,AX 
mov 
eX,AX 
and 
AX,OFFFOh 
add 
AX,argl 
mov 
OX,OMA.TO.LOWER 


out 
OX,AX 


joc 
no..carry.to 
ioe 
ex 
mov 
AX,eX 
mov 
OX,OMA.TO.UPPER 


out 
OX,AX 


mov 
AX,FDC.OMA 


mov 
OX,OMA.FROM.LOWER 
out 
OX,AX 
.or 
AX,AX 
mov 
OX,OMA.FROM.UPPER 


out 
OX,AX 
mov 
AX,OMA.FROM.OISK.CONTROL 
mov 
OX,OMA.CONTROL 
210973-85 
Oul 
OX,AX 
pop 
OX 
pop 
ex 


pop 
AX 


leave 
ret 
endp 


ends 
end 
210973-86 


APPENDIX 
D 
80186 EXAMPLE TIMER 
INTERFACE 
CODE 


this file contains example 80186 timer routines. The first routine 


sets up the timer and interrupt controller to cause the timer 
to ICDer'te 
an interrupt 
every 
10 milliseconds. and to service 


interrupt to implement a real time clock. Timer 2 is used in 
this example 
because no input or output sianals IfC required. 


The code example assumes that the peripheral control block has 
nOI been moved from its r_tlocalion 
(FFOO-FFFF 
in I/O space). 


arll 
equ 
word plr (BP + 4J 


8'12 
equ 
word plr (BP + 61 


arl3 
equ 
word plr (BP + SI 


timer.2int 
equ 
19 


timer.2control 
equ 
OFF66h 
timcr.2max..ctl 
equ 
OFF62h 


timerJnLctl 
equ 
OFF32h 


coi.rcgislcr 
equ 
OFF22h 


intcrrupLstat 
equ 
OFF30h 


data 
segment 
public 
hour..,minute.,se<:ond...mscc.... 


mscc_ 
db 
? 
hour_ 
db 
? 
minute- 
db 
? 
second.- 
db 
? 
data 
ends 


cgroup 
aroup 
code 
dSroup 
IrouP 
data 


code 
Kament 
public 
scLtime. 


assume 
cs:code,ds:dlroup 


seLtimc(hour,rninulc,second) 
sets the time variables, initializes the 


80186 timcr2 to provide interrupts every 10 milliseconds, and 
programs the interrupt vector for timer 2 


seuime. 
proc 
near 
enter 
0,0 
set stack. addressability 


push 
AX 
save registers used 
push 
OX 
push 
SI 
push 
OS 


xor 
AX,AX 
set the interrupt vector 
tbe timen have unique 
interrupt 
vectors even tboulh they share 
the same control reaister 


mov 
OS,AX 


mov 
51,4 • timer2Jnt 
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mm 
word 
ptr 
DS: [SI1,off.et 
tiaer_2_interrupt_routine 


inc 
SI 
inc 
SI 
mm 
OS:[SIl,CS 
pop 
OS 


mov 
AX.arll 
set thetimevalues 
mov 
hour.,AL 
mov 
AX,.ra2 
mav 
minute..AL 
mov 
AX,ar,3 
mov 
seoon<1,AL 
mov 
msc<..,0 


DX,timer2.max..ctl 
AX,20000 


DX,AX 
DX,limcr2.oontrol 
AX,III 
OOOOOOOOOOOO 
1b 


set the max count value 
10 mI /500 
nl (timer 
200unll 
It 1/4 the CPU cloc:k rate) 


set the oontrol 
word 
enable countina 
8cncratc interrupti on TC 
continuous countin, 


set up the interrupt controller 
unmask interrupti 
highest 
priority 
interrupt 


DX.timerJnt.et1 
AX,OOOOh 


DX,AX 


msec.,99 
bumJUOOOnd 
m5CC. 
reseLint.et1 


msec.,O 
aeoon<!..59 
bumP-Ininutc 
second. 
reset.inLcti 


second.,O 
minute.,59 
bump1lour 
minute... 


reseLinLetJ 
DX 
AX 


intJ 


minutc...O 
hour_, 12 
rescLhour 


hOUf. 
reseLinLctl 


DX,eoucgistcr 
AX,8000h 
DX,AX 


this file contains example 80186 timer routines. The second routine 


sets up the timer as a baud ratc generator. In this mode, 
Timer 1 is used to continually output pulses with a period of 
6,5 usee for use: with a serial controller at 9600 baud 
programmed in divide by 16 mode (the actual period required 
for 9600 baud is 6.51 usee). 
This assumes 
that the 801 86 is 


running at 8 MHz. The code example also assumes that the 
peripheral control block has not been moved from its reset 
location (fFOO-FFFF in I/0 
space). 


inter 


set the max count value 
allows the timer to count 
all the way to FFFFH 


set the control word 
enable counting 
no interrupt 
on TC 
continuous countina 
single max oount resister 
external 
clocking 


zero AX 
and zero tbe count in the timer 
count resister 


this file contains example 80186 timer routines. The third routine 


sets up the timer as an external event counter. In this mode. 
Timer 1 is used to count transitions on its input pin. After 
the timer has been set up by the routine, the number of 
events counted can be directly read from the timer count 
register 
at location 
FFS8H 
in I/O space. The timer 
will 


count a maximum 
of 6SS3S 
timer events before wrapping 


around to zero. This code example also assumes that the 
peripheral control block has not been moved from its reset 
location (FFOO-FFFF 
in I/O space). 


timerl..control 
cqu 
OFFSEh 
timcrl.maLcnt 
cqu 
OFFSAh 
timcrl.cnueg 
cqu 
OFFS8H 


code 
segment 
assume 
cs:code 


proc 
near 
push 
AX 
push 
OX 


mov 
DX.timerLmax...cnt 
moy 
AX,O 


out 
OX,AX 
moy 
DX,timerl.control 
mov 
AX,IIOOOOOOOOOOOI0 Ib 


out 
OX,AX 


lor 
AX,AX 
mov 
DX,timerl.cnucg 
out 
OX,AX 


pop 
OX 
pop 
AX 
rei 


endp 
ends 
end 


inter 


APPENDIX 
E 
80186 EXAMPLE INTERRUPT 
CONTROLLER 
INTERFACE 
CODE 


This routine configures the 80186 interrupt controller to provide 


two cascaded interrupt inputs (through an external 82S9A 
interrupt controller on pins INTO/INn) 
and two direct 
interrupt inputs (on pins INTI and INTJ). The derault priority 
levels are used. Because of this, the priority level programmed 
into the control register is set the I J I, the level all 


interrupts 
arc programmed 
to at reset. 


equ 
OFFJ8H 


equ 
OFF28H 


segment 
assume 
CS:code 


proc 
near 


push 
OX 


push 
AX 


mov 
AX,0100I II B 


mov 
OX,intO...,ntrol 


out 
OX,AX 


mov 
AX,OlOOl101B 


mov 
OX,inunask 


out 
OX,AX 


pop 
AX 


pop 
OX 


ret 
endp 
ends 
end 


cxample..80186JntcrrupLcodc 


This routine configures the 80186 interrupt controller into slave 


mode. This code does not initialize any of the 80186 
integrated peripheral control registers. nor does it initialize 
the cxtemal82S9A 
interrupt controller. 


segment 
assume 
CS:code 


proc 
near 


push 
OX 


push 
AX 


DX,relocation.reg 
AX,OX 
AX,OIOOOOOOOOOOOOOOB 
OX,AX 


intJ 


APPENDIX 
F 
80186/8086 
EXAMPLE SYSTEM INITIALIZATION 
CODE 


This file contains a system initialization routine (or the 80186 


or the 8086. The code determines whether it is running on 
an 80186 
or an 8086. and if it is running 
on an 80186. 
it 


initializes the integrated chip select registers. 


ors 
0 
jmp 
rar ptr initialize 


restart 
ends 


extrn 
monitor:f.r 


iniLhw 
segment 
at 
OFFFOh 
assume 
CS:iniLhw 


This segment initializes the chip selects. It must be located in the 


top I K to insure 
that the ROM 
remains 
selccted 
in the 80186 


system 
until 
the proper size of the select 
area can be programmed. 


UMCS,res 
equ 
OFFAOH 


LMCS-res 
equ 
OFFA2H 
PACS.res 
equ 
OFFA4H 


MPCS.res 
equ 
OFFA8H 


UMCS,value 
equ 
OF038H 


LMCS.value 
equ 
07F8H 
PACS,value 
equ 
007EH 


Mpcs..value 
equ 
81B8H 


initialize 
proc 
far 
mov 
AX,2 
mov 
CL,33 
shr 
AX,CL 
test 
AX,I 
jz 
noL80186 


mov 
DX,UMCS.res 
mov 
AX,UMCS,value 
out 
DX,AX 


mov 
DX,LMCS.res 
mov 
AX,LMCS.value 
out 
DX,AX 


mov 
DX,PACS.res 


AX,PACS,value 
DX,AX 
DX,MPCS.res 
AX,MPCS.value 
DX,AX 


64K. no wait slates 
32K. no wait states 
peripheral base at 4OOH,2 ws 
PCS5 and 6 supplies, 
peripherals in I/O space 


determine if this is an 
8086 or an 80186 (checks 
to see if the multiple bit 
shift value was ANDed) 


set up the peripheral 
chip 
selects 
(note 
the mid· range 
memory chip selects arc not 
needed in this system, and 
are thus not initialized 


inter 


APPENDIX 
G 


80186 WAIT STATE PERFORMANCE 


Because the 80186 contains separate bus interface and 
execution units, the actual performance of the proces- 
sor will not degrade at a constant rate as wait states are 
added to the memory cycle time from the processor. 
The actual rate of performance degradation will depend 
on the type and mix of instructions actually encoun- 
tered in the user's program. 


Shown below are two 80186 assembly language pro- 
grams, and the actual execution time for the two pro- 
grams as wait states are added to the memory system of 
the processor. These programs show the two extremes 
to which wait states will or will not affect system per- 
formance as wait states are introduced. 


Program I is very memory intensive. It performs many 
memory reads and writes using the more extensive 
memory addressing modes of the processor (which also 
take a greater number of bytes in the opcode for the 
instruction). As a result, the execution unit must con· 
stantly wait for the bus interface unit to fetch and per- 
form the memory cycles to allow it to continue. Thus, 
the execution time of this type of routine will grow 
quickly as wait states are added, since the execution 
time is almost totally limited to the speed at which the 
processor can run bus cycles. 


Note also that this program execution time calculated 
by merely summing up the number of clock cycles giv- 
en in the data sheet will typically be less than the actual 
number of clock cycles actually required to run the pro- 
gram. This is because the numbers quoted in the data 
sheet assume that the opcode bytes have been pre- 
fetched and reside in the 80186 prefetch queue for im- 
mediate access by the execution unit. If the execution 


unit cannot access the opcode bytes immediately upon 
request, dead clock cycles will be inserted in which the 
execution unit will remain idle, thus increasing the 
number of clock cycles required to complete execution 
of the program. 


On the other hand, program 2 is more CPU intensive. 
It performs many integer multiplies, during which time 
the bus interface unit can fill up the instruction prefetch 
queue in parallel with the execution unit performing the 
multiply. In this program, the bus interface unit can 
perform bus operations faster than the execution unit 
actually requires them to be run. In this case, the per- 
formance degradation is much less as wait states are 
added to the memory interface. The execution time of 
this program is closer to the number of clock cycles 
calculated by adding the number of cycles per instruc- 
tion because the execution unit does not have to wait 
for the bus interface unit to place an opcode byte in the 
prefetch queue as often. Thus, fewer clock cycles are 
wasted by the execution unit laying idle for want of 
instructions. Table G-l lists the execution times mea- 
sured for these two programs as wait states were intro- 
duced with the 80186 running at 8 MHz. 


Table G-1 


,;lI of 
Program 
1 
Program 
2 


Walt 
Exec 
Perf 
Exec 
Perf 


States 
Time 
Degr 
Time 
Degr 
(/J.sec) 
(/J.S8C) 


0 
505 
294 


1 
595 
18% 
311 
6% 


2 
669 
12% 
337 
8% 


3 
752 
12% 
347 
3% 


This file contains two programs which demonstrate the 80)86 performance 
degradation as wait states 8rt inserted. Program I performs a 
transformation between two types of characters sets, then copies 
the transformed characters back to the original buffer (which is 64 
bytes long. Program 2 performs the same type of transformation, however 
instead of performing a table lookup, it multiplies each number in the 
original 32 word buffer by a constant (3. note the use of the integer 
immediate multiply instruction). Program "nothing" is used to measure 
the call and return times from the driver program only. 


cgroup 
dgroup 
data 


group 
code 
group 
data 


segment 


inter 


uable 
db 
256 dup (7) 


LSlring 
db 
64 dup (?) 


nLarray 
dw 
32 dup (?) 


data 
ends 


code 
segment 
public 
'code' 


assume 
eS:cgroup,DS:dgroup 
public 
bench...J ,bench.2.nothing.., 
wait.state...seLtimer. 


bench. I 
proc 
near 
push 
SI 
; save registers used 
push 
ex 
push 
BX 
push 
AX 


mov 
eX,64 
translate 64 bytes 


mov 
SI,O 
mov 
BH,O 


loop-back: 


mov 
BL,Lslring[SI) 
gel the byte 
mov 
AL,Llable[BXI 
translate byte 


mo' 
Lstring(SI],AL 
and store it 
ine 
SI 
increment index 
loop 
loop-back 
do the next byte 


pop 
AX 
pop 
BX 
pop 
ex 
pop 
SI 
ret 


bench.\ 
endp 


bench.2 
proc 
near 
push 
AX 
save registers used 
push 
SI 
push 
ex 


mov 
eX,32 
multiply 
32 numbers 


mov 
51,offset 
rtLarray 


loop.back.2: 


imul 
AX,word 
ptr [SI).3 
; 
immediate multiply 


mo. 
word plr [SI],AX 
ine 
SI 


iDe 
SI 


loop 
loop-back.2 


pop 
ex 
pop 
SI 
pop 
AX 
ret 


bench.2. 
endp 
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inter 


waiLstate(n) 
sets the 80186 LMCS register to the number or wait states 


(0 to 3) indicated 
by the parameter 
n (which 
is passed on the stack). 


No other 
bits of the LMCS 
register 
are modified. 


proc 
near 


enter 
0,0 
push 
AX 
push 
BX 
push 
OX 


mov 
BX,word 
ptr [BP + 4) 
mo. 
OX,OFFA2h 


in 
AX,OX 


and 
AX,OFFFCh 
and 
BX,3 
or 
AX,BX 
out 
OX,AX 


pop 
OX 
pop 
BX 
pop 
AX 
leave 
ret 
endp 


and off existing ready bits 
insure ws count is good 
adjust the ready bits 
and write to LMCS 


seLtimerO initializes the 80186 timers to count microseconds. Timer 2 


is set up as a prescaler to timer O.the microsecond count can be read 


directly 
out of the timer 
0 count 
register 
at location 
FFSOH in I/O 


space. 


scLtimcr. 
proc 
near 
push 
AX 
push 
OX 


mo. 
OX,Off66h 
stop timer 
2 
mo. 
AX,4000h 
out 
OX,AX 


mo. 
OX,OffSOh 
clear timer 0 count 
mo. 
AX,O 
out 
OX,AX 


mov 
OX,OffS2h 
; 
timer 
0 counts 
up to 6SS3S 


mo. 
AX,O 
out 
OX,AX 
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mOl' 
OX,Off56h 
enable timer 0 


mOl' 
AX,OcOO9h 
out 
OX,AX 


mov 
OX,Off60h 
; clear timer 2 count 
mov 
AX,O 
oul 
OX,AX 


mov 
OX,Off62h 
set maximum count of timer 2 


mov 
AX,2 
out 
OX,AX 


moy 
OX,Off66h 
re-enable timer 2 
moy 
AX,OcOOlh 
out 
OX,AX 


pop 
OX 
pop 
AX 
ret 


seLtimer_ 
endp 


code 
ends 
end 
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APPENDIX 
H 
80186 NEW INSTRUCTIONS 


The 80186 performs many additional instructions to 
those of the 8086. These instructions appear shaded in 
the instruction set summary at the back of the 80186 
data sheet. This appendix explains the operation of 
these new instructions. In order to use these new in- 
structions 
with 
the 
8086/186 
assembler, 
the 


"$modI86" switch must be given to the assembler. This 
can be done by placing the line: "$modI86" at the be- 
ginning of the assembly language file. 


This instruction allows immediate data to be pushed 
onto the processor stack. The data can be either an 
immediate byte or an immediate word. If the data is a 
byte, it will be sign extended to a word before it is 
pushed onto the stack (since all stack operations are 
word operations). 


These instructions 
allow all of the general purpose 


80186 registers to be saved on the stack, or restored 
from the stack. The registers saved by this instruction 
(in the order they are pushed onto the stack) are AX, 
CX, DX, BX, SP, BP, SI, and DI. The SP value pushed 
onto the stack is the value of the register before the first 
PUSH (AX) is performed; the value popped for the SP 
register is ignored. 


This instruction does not save any of the segment regis- 
ters (CS, DC, SS, ES), the instruction pointer (IP), the 
flag register, or any of the integrated peripheral regis- 
ters. 


This instruction allows a value to be multiplied by an 
immediate value. The result of this operation is 16 bits 
long. One operand for this instruction is obtained using 
one of the 80186 addressing modes (meaning it can be 
in a register or in memory). The immediate value can 
be either a byte or a word, but will be sign extended if it 
is a byte. The 16-bit result of the multiplication can be 
placed in any of the 80186 general purpose or pointer 
registers. 


This instruction requires three operands: the register in 
which the result is to be placed, the immediate value, 


and the second operand. Again, this second operand 
can be any of the 80186 general purpose registers or a 
specified memory location. 


SHIFTS/ROTATES 
BY AN IMMEDIATE 


VALUE 


The 80186 can perform multiple bit shifts or rotates 
where the number of bits to be shifted is specified by an 
immediate value. This is different from the 8086, where 
only a single bit shift can be performed, or a multiple 
shift can be performed where the number of bits to be 
shifted is specified in the CL register. 


All of the shift/rotate 
instructions of the 80186 allow 


the number of bits shifted to be specified by an immedi- 
ate value. Like all multiple bit shift operations per- 
formed by the 80186, the number of bits shifted is the 
number of bits specified modulus 32 (i.e., the maximum 
number of bits shifted by the 80186 multiple bit shifts is 
31). 


These instructions require two operands: the operand 
to be shifted (which may be a register or a memory 
location specified by any of the 
80186 addressing 


modes) and the number of bits to be shifted. 


The 80186 adds two new input/output 
instructions: 


INS and OUTS. These instructions perform block input 
or output operations. They operate similarly to the 
string move instructions of the processor. 


The INS instruction performs block input from an I/O 
port to memory. The I/O address is specified by the 
DX register; the memory location is pointed to by the 
DI register. After the operation is performed, the DI 
register is adjusted by I (if a byte input is specified) or 
by 2 (if a word input is specified). The adjustment is 
either an increment or a decrement, as determined by 
the Direction bit in the flag register of the processor. 
The ES segment register is used for memory address- 
ing, and cannot be overridden. When preceded by a 
REPeat prefix, this instruction allows blocks of data to 
be moved from an I/O address to a block of memory. 
Note that the 110 address in the DX register is not 
modified by this operation. 


inter 


The OUTS instruction 
performs block output 
from 


memory to an I/O port. The I/O address is specified by 
the DX register; the memory location is pointed to by 
the SI register. After the operation is performed, the SI 
register is adjusted by I (if a byte output is specified) or 
by 2 (if a word output is specified). The adjustment is 
either an increment or a decrement, as determined by 
the Direction bit in the flag register of the processor. 
The DS segment register is used for memory address- 
ing, but can be overridden by using a segment override 
prefix. When preceded by a REPeat prefix, this instruc- 
tion allows blocks of data to be moved from a block of 
memory to an I/O address. Again note that the I/O 
address in the DX register is not modified by this oper- 
ation. 


Like the string move instruction, these two instructions 
require two operands to specify whether word or byte 
operations are to take place. Additionally, this determi- 
nation can be supplied by the mnemonic itself by add- 
ing a "B" or "W" to the basic mnemonic, for example: 


The 80186 supplies a BOUND instruction to facilitate 
bound checking of arrays. In this instruction, the calcu- 
lated index into the array is placed in one of the general 


purpose registers of the 80186. Located in two adjacent 
word memory 
locations 
are the lower and 
upper 


bounds for the array index. The BOUND instruction 
compares the register contents to the memory loca- 
tions, and if the value in the register is not between the 
values in the memory locations, an interrupt type 5 is 
generated. The comparisons performed are SIGNED 
comparisons. A register value equal to either the upper 
bound or the lower bound will not cause an interrupt. 


This instruction requires two arguments: the register in 
which the calculated array index is placed, and the 
word memory location which contains the lower bound 
of the array (which can be specified by any of the 80186 
memory addressing modes). The memory location con- 
taining the upper bound of the array must follow imme- 
diately the memory 
location 
containing 
the 
lower 


bound of the array. 


The 80186 contains two instructions which are used to 
build and tear down stack frames of higher level, block 
structured 
languages. The instruction 
used to build 


these stack frames is the ENTER instruction. The algo- 
rithm for this instruction is: 


,'save 
the 
previous 
frame 
pointer" 


if 
level=O 
then 


BP:=SP; 


else 
templ:=SP;"save 
current 
frame 
pointer 
., 


temp2:= 
level 
- 
1; 


do while 
temp2>0"copy 
down previous 
level 
frame', 


BP:= 
BP - 
2; 
,'pointers', 


PUSH [BP]; 


B,P:=templ 
; 


PUSH BP; 
/,put 
current 
level 
frame 
pointer' 
, 


,'in 
the 
save 
area', 


SP:=SP 
- 
disp; 
,'create 
space 
on the 
stack 
for' 
, 


inter 


Figure H-l shows the layout of the stack before and 
after this operation. 


This instruction requires two operands: the first value 
(disp) specifies the number of bytes the local variables 
of this routine require. This is an unsigned value and 
can be as large as 65535. The second value (level) is an 
unsigned value which specifies the level of the proce- 
dure. It can be as great as 255. 


The 80186 includes the LEAVE instruction 
to tear 


down stack frames built up by the ENTER instruction. 


? 
t 
BEFORE 
BP---l 


As can be seen from the layout of the stack left by the 
ENTER instruction, this involves only moving the con- 
tents of the BP register to the SP register, and popping 
the old BP value from the stack. 


Neither the ENTER nor the LEAVE instructions save 
any of the 80186 general purpose registers. If they must 
be saved, this must be done in addition to the ENTER 
and the LEAVE. In addition, the LEAVE instruction 
does not perform a return from a subroutine. If this is 
desired, the LEAVE instruction must be explicitly fol- 
lowed by the RET instruction. 


OlDBP 


OlD FRAME 


PTRS. 


CURRENT FRAME 
PTR 


LOCAl 


VARIABLE 
AREA 


inter 


APPENDIX 
I 
80186/80188 
DIFFERENCES 


The 80188 is exactly like the 80186, except it has an 8 
bit external bus. It shares the same execution unit, tim- 
ers, peripheral control block, interrupt controller, chip 
select, and DMA logic. The differences between the 
two caused by the narrower data bus are: 


• The 80188 has a 4 byte prefetch queue, rather than 


the 6 byte prefetch queue present on the 80186. The 
reason for this is since the 80188 fetches opcodes 
one byte at a time, the number of bus cycles re- 
quired to fill the smaller queue of the 80188 is actu- 
ally greater than the number of bus cycles required 
to fill the queue of the 80186. As a result, a smaller 
queue is required to prevent an inordinate number 
of bus cycles being wasted by prefetching opcodes to 
be discarded during a jump. 


• AD8-ADI5 
on the 80186 are transformed to A8- 


AI5 
on the 80188. Valid address information 
is 


present on these lines throughout the bus cycle of 
the 80188. Valid address information is not guaran- 
teed on these lines during idle T states. 


• BHE/S7 
is always defined HIGH 
by the 80188, 


since the upper half of the data bus is non-existent. 


• The DMA controller of the 80188 only performs 


byte transfers. The EIW bit in the DMA control 
word is ignored. 


• Execution times for many memory access instruc- 


tions are increased because the memory access must 
be funnelled through 
a narrower 
data bus. The 


80188 also will be more bus limited than the 80186 
(that is, the execution unit will be required to wait 
for the opcode information to be fetched more often) 
because the data bus is narrower. The execution 
time within the processor, however, has not changed 
between the 80186 and 80188. 


Another important point is that the 80188 internally is 
a 16-bit machine. This means that any access to the 
integrated peripheral registers of the 80188 will be done 
in 16-bit chunks, NOT in 8-bit chunks. All internal 
peripheral registers are still 16-bits wide, and only a 
single read or write is required to access the registers. 
When a word access is made to the internal registers, 
the BIU will run two bus cycles externally. 


Access to the control block may also be done with byte 
operations. Internally the fulll6-bits of the AX register 
will be written, while externally, only one bus cycle will 
be executed. 


High Speed Numerics with the 
80186/80188 
and 8087 


STEVE 
FARRER 
APPLICATIONS 
ENGINEER 


From their introduction in 1982, the highly integrated 
16-bit 80186 and its 8-bit external bus version, the 
80188, have been ideal processor choices for high-per- 
formance, low-cost embedded control applications. The 
integrated 
peripheral 
functions 
and 
enhanced 
8086 


CPU of the 80186 and 80188 allow for an easy upgrade 
of older generation 
control 
applications 
to achieve 


higher performance while lowering the overall system 
cost through reduced board space, and a simplified pro- 
duction flow. 


More and more controller applications need even high- 
er performance in numerics, yet still require the low- 
cost and small form factor of the 80186 and 80188. The 
8087 Numerics Data Coprocessor satisfies this need as 
an optional add-on component. 


The 8087 Numeric Data Coprocessor is interfaced to 
the 80186 and 80188 through the 82188 !BC (Integrat- 
ed Bus Controller). The IBC provides a highly integrat- 
ed interface solution which replaces the 8288 used in 
8086-8087 systems. The !BC incorporates all the nec- 
essary bus control for the 8087 while also providing the 
necessary logic to support the interface between the 
80186/8 and the 8087. 


This application note discusses the design considera- 
tions associated with using the 8087 Numeric Data Co- 
processor with the 80186 and 80188. Sections two, 


three, and four contain an overview of the integrated 
circuits involved in the numerics configuration. Section 
five discusses the 
interfacing 
aspects 
between 
the 


80186/8 and the 8087, including the role of the 82188 
Integrated Bus Controller and the operation of the inte- 
grated peripherals on the 80186/8 with the 8087. Sec- 
tion six compares the advantages of using an 8087 Nu- 
meric Data Coprocessor over software routines written 
for the host processor as well as the advantage of using 
an 80186/8 numerics system over an 8086/8088 nu- 
merics system. 


Except where noted, all future references to the 80186 
will apply equally to the 80188. 


The 80186 and 80188 are highly integrated microproc- 
essors which effectively combine up to 20 of the most 
common system components onto a single chip. The 
80186 and 80188 processors are designed to provide 
both higher performance and a more highly integated 
solution to the total system. 


Higher integration results from integrating system pe- 
ripherals onto the microprocessor. The peripherals con- 
sist of a clock generator, 
an interrupt 
controller, 
a 


DMA controller, a counter/timer 
unit, a programma- 


ble wait state generator, programmable 
chip selects, 


and a bus controller. (See Figure 1.) 


Higher performance results from enhancements to both 
general and specific areas of the 8086 CPU, including 
faster effective address calculation, improvement in the 
execution speed of many instructions, and the inclusion 
of new instructions which are designed to produce opti- 
mum 80186 code. 


The 80186 and 80188 are completely object code com- 
patible with the 8086 and 8088. They have the same 
basic register set, memory organization, and addressing 
modes. The differences between the 80186 and 80188 
are the same as the differences between the 8086 and 
8088: the 80186 has a l6-bit architecture and l6-bit bus 
interface; the 80188 has a 16-bit internal architecture 
and an 8-bit data bus interface. The instruction execu- 
tion times of the two processors differ accordingly: for 
each non-immediate 16-bit data read/write instruction, 
4 additional clock cycles are required by the 80188. 


3.1 The Benefits of Numeric 


Coprocessing 


The 8086/8 and 80186/8 are general purpose micro- 
processors, designed for a very wide range of applica- 
tions. Typically, these applications need fast, efficient 
data movement and general purpose control instruc- 
tions. Arithmetic on data values tends to be simple in 
these applications. The 8086/8 and 80186/8 fulfill these 
needs in a low cost, effective manner. 


However, some applications require extremely fast and 
complex math functions which are not provided by a 
general purpose processor. Such functions as square 
root, sine, cosine, and logarithms are not directly avail- 
able in a general purpose processor. Software routines 
required to implement these functions tend to be slow 
and not very accurate. Integer data types and their 
arithmetic operations (i.e., add, subtract, multiply and 
divide) which are directly available on general purpose 
processors, still may not meet the needs for accuracy, 
speed and ease of use. 


Providing fast, accurate, complex math can be quite 
complicated, requiring large areas of silicon on inte- 
grated circuits. A general data processor does not pro- 
vide these features due to the extra cost burden that less 
complex general applications must take on. For such 
features, a special numeric data processor is required - 
one which is easy to use and has a high level of support 
in hardware and software. 


The 8087 is a numeric data coprocessor which is capa- 
ble of performing 
complex mathematical 
functions 


while the host processor (i.e. the main CPU) performs 


more general tasks. It supports the necessary data types 
and operations and allows use of all the current hard- 
ware and software support for the 8086/8 and 80186/8 
microprocessors. The fact that the 8087 is a coproces- 
sor means it is capable of operating in parallel with the 
host CPU, which greatly improves the processing pow- 
er of the system. 


The 8087 can increase the performance of floating- 
point calculations by 50 to 100 times, providing the 
performance and precision required for small business 
and graphics applications as well as scientific data pro- 
cessing. 


The 8087 numeric coprocessor adds 68 floating-point 
instructions and eight 80-bit floating-point registers to 
the basic 8086 programming architecture. All the nu- 
meric instructions and data types of the 8087 are used 
by the programmer in the same manner as the general 
data types and instructions of the host. 


The numeric data formats and arithmetic operations 
provided by the 8087 support the proposed IEEE Mi- 
croprocessor Floating Point Standard. All of the pro- 
posed IEEE floating point standard algorithms, excep- 
tion detection, exception handling, infinity arithmetic 
and rounding controls are implemented. The IEEE 
standard makes it easier to use floating point and helps 
to avoid common problems that are inherent to floating 
point. 


The coprocessing capabilities of the 8087 are achieved 
by monitoring the local bus of the host processor. Cer- 
tain instructions 
within the 8086 assembly language 


known as ESCAPE instructions are defined to be co- 
processor instructions and, as such, are treated differ- 
ently. 


The coprocessor monitors program execution of the 
host processor to detect the occurrence of an ESCAPE 
instruction. The fetching of instructions is monitored 
via the data bus and bus cycle status S2-S0, while the 
execution of instructions is monitored via the queue 
status lines QSOand QS1. 


All ESCAPE instructions start with the high-order 5- 
bits of the instruction opcode being 11011. They have 
two basic forms, the memory reference form and the 
non-memory reference form. The non-memory form, 
shown in Figure 2A, initiates some activity in the co- 
processor using the nine available bits of the ESCAPE 
instruction to indicate which function to perform. 


Memory reference forms of the ESCAPE instruction, 
shown in Figure 2B, allow the host to point out a mem- 
ory operand to the coprocessor using any host memory 
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addressing mode. Six bits are available in the memory 
reference form to identify what to do with the memory 
operand. 


Memory reference forms of ESCAPE instructions are 
identified by bits 7 and 6 of the byte following the ES- 
CAPE opcode. These two bits are the MOD field of the 
8086/8 or 80I86/8 effective address calculation byte. 
Together with the RIM 
field (bits 2 through a), they 


determine the addressing mode and how many subse- 
quent bytes remain in the instruction. 


3.4 
Host Response 
to Escape 


Instructions 


The host performs one of two possible actions when 
encountering an ESCAPE instruction: do nothing (op- 
eration is internal to 8087) or calculate an effective ad- 
dress and read a word value beginning at that address 
(required for all LOADS and STORES). The host ig- 
nores the value of the word read and hence the cycle is 
referred to as a "Dummy Read Cycle." ESCAPE in- 
structions do not change any registers in the host other 
than advancing the IP. If there is no coprocessor or the 
coprocessor ignores the ESCAPE instruction, the ES- 
CAPE instruction is effectively a NOP to the host. Oth- 
er than calculating a memory address and reading a 
word of memory, the host makes no other assumptions 
regarding coprocessor activity. 


The memory reference ESCAPE instructions have two 
purposes: to identify a memory operand and, for certain 
instructions, to transfer a word from memory to the 
coprocessor. 


MOO 


10101 


3.5 
Coprocessor 
Response to Escape 


Instructions 


The 8087 performs basically three types of functions 
when encountering 
an ESCAPE instruction: 
LOAD 


(read from memory), STORE (write to memory), and 
EXECUTE 
(perform one of the internal 8087 math 


functions). 


When the host executes a memory reference ESCAPE 
instruction intended to cause a read operation by the 
8087, the host always reads the low-order word of any 
8087 memory operand. The 8087 will save the address 
and data read. To read any subsequent words of the 
operand, the 8087 must become a local bus master. 


When the 8087 has the local bus, it increments the 20- 
bit physical address it saved to address the remaining 
words of the operand. 


When the ESCAPE instruction is intended to cause a 
write operation by the 8087, the 8087 will save the ad- 
dress but ignore the data read. Eventually, it will get 
control of the local bus and perform successive writes 
incrementing the 20-bit address after each word until 
the entire numeric variable has been written. 


ESCAPE instructions intended to cause the execution 
of a coprocessor calculation do not require any bus ac- 
tivity. Numeric calculations work off of an internal reg- 
ister stack which has been initialized using a LOAD 
operation. The calculation takes place using one or two 
of the stack positions specified by the ESCAPE instruc- 
tion. The result of the operation is also placed in one of 
the stack positions specified by the ESCAPE instruc- 
tion. The result may then be returned to memory using 
a STORE instruction, thus allowing the host processor 
to access it. 
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4.0 OVERVIEW 
OF THE 82188 


INTEGRATED 
BUS CONTROLLER 


The 82188 Integrated Bus Controller (IBC) is a highly 
integrated version of the 8288 Bus Controller. The IBC 
provides command and control timing signals for bus 
control and all of the necessary logic to interface the 
80186 to the 8087. 


The bus command and control signals consist of RD, 
WR, DEN, DT/R:, and ALE. The timings and levels 
are driven following the latching of valid signals on the 
status lines 80-82. When 80-82 change state from pas- 
sive to active, the IBC begins cycling through a state 
machine which drives the corresponding control and 
command lines for the bus cycle. As with the 8288, an 
address enable input (AEN) is present to allow tri-stat- 


ing when other bus masters supply their own bus con- 
trol signals. 


The IBC also has the ability to convert bus arbitration 
protocols ofRQ/GT 
to HOLD-HLDA. This allows the 


82586 Local Area Network (LAN) Coprocessor, the 
82730 Text Coprocessor, and other coprocessors using 
the HOLD-HLDA 
protocol to be interfaced to the 


8086/8 as well as allowing the 80186/8 to be interfaced 
to the 8087. In addition to converting arbitration proto- 
cols, the IBC makes it possible to arbitrate between two 
bus masters using HOLD-HLDA 
with a third using 


RQ/GT. 


In addition to all the bus control and arbitration fea- 
tures, the IBC provides logic to connect the queue 
status to the 8087, a chip-select for the 8087, and the 
necessary READY synchronization 
required between 


the 8087 and the 80186/8. 
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Figure 3. 80186/8-82188-8087 
Circuit Diagram 
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The 8087 tracks the instruction execution of the 80186 
by keeping an internal instruction queue which is iden- 
tical to the processor's instruction queue. Each time the 
processor performs an instruction fetch, the 8087 latch- 
es the instruction into its own queue in parallel with the 
processor. Each time the processor removes the first 
byte of an instruction from the queue, the 8087 removes 
the byte at the top of the 8087 queue and checks to see 
if the byte is an ESCAPE prefix. If it is, the 8087 de- 
codes the following bytes in parallel with the processor 
to determine which numeric instruction the bytes repre- 
sent. If the first byte of the instruction is not an ES- 
CAPE prefix, the 8087 discards it along with the subse- 
quent bytes of the non-numeric instruction as the 80186 
removes them from the queue for execution. 


The 8087 operates its internal instruction 
queue by 


monitoring the two queue status lines from the CPU. 
This status information is made available by the CPU 
by placing it into queue status mode. This requires 
strapping the RD pin on the 80l86~round. 
When 


RD is tied to ground, ALE and WR become QSO 
(Queue Status #0) and QSl (Queue Status # 1) respec- 
tively. 


.5TCLCL- TCHQSV(186 max) 


.5(125 ns) - 
35 
~ TQIVCL(82188 min) 
.~ 15 ns 


TCLCL - TCLQOV(82188 max) 
(125 ns) - 
50 
~ TQVCL 
~ 
10 ns 


TCLQOV(82188 min) 
5 


~ TCLQX(8087 min) 
~ 5 ns 
. 


QS1 
QSO 
Queue Operation 


0 
0 
No queue operation 


0 
1 
First byte from queue 


1 
0 
Subsequent 
byte from queue 


1 
1 
Reserved 


Each time the 80186 begins decoding a new instruction, 
the queue status lines indicate "first byte of instruction 
taken from the queue". This signals the 8087 to check 
for an ESCAPE prefix. As the remaining bytes of the 
instruction 
are removed, the queue status indicates 


"subsequent byte removed from queue". The 8087 uses 
this status 
to either 
continue 
decoding 
subsequent 


bytes, if the first byte was an ESCAPE prefix, or to 
discard the subsequent bytes if the first byte was not an 
ESCAPE prefix. 


The QSO(ALE) and QS1(WR) pins of the 80186 are fed 
directly to the 82188 where they are latched and de- 
layed by one-half-clock. The delayed queue status from 
the 82188 is then presented directly to the 8087. 


The waveforms of the queue status signals are shown in 
Figure 4. The critical timings are the setup time into 
the 82188 from the 80186 and the setup and hold time 
into the 8087 from the 82188. The calculations for an 8 
MHz system are as follows: 


______________ 
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TClOOV 


82188 
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_ 
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inter 


When the 80186 is in Queue Status mode, another com- 
ponent must generate the ALE, RD, and WR signals. 
The 82188 provides these~ignals 
by monitoring the 


CPU bus cycle status (SO-S2). Also provided are DEN 
and DT;R which may be used for extra drive capability 
on the control bus. With the exception of ALE, all con- 
trol signals on the 82188 are almost identical to their 
corresponding 80186 control signals. This section dis- 
cusses the differences between the 80186 and the 82188 
control signals for the purpose of upgrading an 80186 
design to an 80186-8087 design. For original 80186- 
8087 designs, there is no need to compare control signal 
timings of the 82188 with the 80186. 


The ALE (Address Latch Enable) signal goes active 
one clock phase earlier on the 80186 than on the 82188. 
Timing of the ALE signal on the 82188 is closer to that 
of the 8086 and 8288 bus controller because the bus 
cycle status is used to generate the ALE pulse. ALE on 
the 80186 goes active before the bus cycle status lines 
are valid. 


The inactive edge of ALE occurs in the same clock 
phase for both the 80186 and the 82188. The setup and 
hold times of the 80186 address relative to the 82188 
ALE signal are shown in Figure 5 and are calculated 
for an 8 MHz system as follows: 


Setup Time 
For 80186 = TAVCH(186 min) + TCHLL (82188 min) 
=10+0=lOns. 


NOTE: 
The hold time calculation is the same for both the 
80186 and 8087. 


These timings provide adequate setup and hold times 
for a 74LS373 address latch. 


ALE ---./ 
l--- 


ADDRESS 
r VALID 
I 
j-lDATA 
1:SETUP-!-HOLD j '-- 
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For 8087 
= 0.5 (TCLCU - 
TCLAV(8087 max) + TCHLL (82188 min) 


= 0.5 (125) - 
55 + 0 = 7.5 


= 0.5 (TCLCU - 
TCHLL (82188 max) + TCLAZ(186 min) 
= 0.5 (125) - 
30 + 10 = 42.5 ns. 


inter 


TCLRL = TCLML = TCVCTV ~ 
10t070ns 


TCLRH = TCLMH = 10 to 55 ns 
TCVCTX = 5 to 55 ns 


The read and write signals of the 82188 have identical 
timings to those of the 80186 with one exception: the 
82188 WR inactive edge may not go inactive quite as 
early as the 80186. This spec is, in fact, a tighter spec 
than the 80186 WR timing and should make designs 
easier. The timings for RD and WR are shown in Fig- 
ure 6 for both the 80186 and the 82188. 


The DEN signal on the 82188 is identical to the DEN 
signal on the 80186 but with a tighter timing specifica- 
tion. This makes designs easier with the 82188 and 
makes upgrades from 80186 bus control to 82188 bus 
control more straightforward. The timings for DEN on 
both the 80186 and 82188 are shown in Figure 7. 


T CVCTV = 10 to 70 - clock 
edge 
to DEN active/inactive 


T CVOEX ~ 
10 to 70 - falling 
edge 
of T4 to DEN inactive 


TCHONV = 10 to 55 - rising 
edge of clock 
to DEN active 


TCHONX = 10 to 55 • clock 
edge 
to DEN inactive 


The operation of the DT/R: signal varies somewhat be- 
tween the 80186 and the 82188. The 80186 DT/R sig- 
nal will remain in an active high state for all write cy- 
cles and will default to a high state when the ~stem 
bus 


is idle (i.e., no bus activity). The 80186 DTIR goes low 
only for read cycles and does so only for the duration of 
the bus cycle. At the end of the read cycle, assuming 
the following cycle is a non-read, the DT/R signal will 
default back to a high state. Back-to-back read cycles 
will result in the DT/R signal remaining low until the 
end of the last read cycle. 


The DT/R signal on the 82188 operates differently by 
making transitions only at the start of a bus cycle. The 
82188 DT/R signal has no default state and therefore 
will remain in whichever state the previous bus cycle 
required. The 82188 DT/R 
signal will only change 


states when the current bus cycle requires a state differ- 
ent from the previous bus cycle. 
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I 


80186 
DT/Il 
/ 
~ 
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". 
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DT/Il ------- 
T_C_LD_TV 
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READ/WRITE 
'------------- 
(READ) 
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Figure 8. Data Transmit & Receive Timings 


With high integration processors like the 80186 and 
80188, the chip-select decoder is integrated onto the 
processor 
chip. The 
integrated 
chip-selects on the 


80186 enable direct processor connection to the chip- 
enable pins on many memory devices, thus eliminating 
an external decoder. But because the integrated chip-se- 
lects decode the 80186's internal bus, an external bus 
master, such as the 8087, is unable to activate them. 
The 82188 IBC solves this problem by supplying a 
chip-select mechanism which may be activated by both 
the host processor and a second processor. 


Chip-select circuitry is typically accomplished by using 
a discrete decoder to decode two or more of the upper 
address lines. When a valid address appears on the ad- 
dress bus, the decoder generates a valid chip-select. 
With this method, any bus master capable of placing an 
address on the system bus is able to generate a chip-se- 
lect. An example of this is shown in Figure 9 where an 
8086/8087 system uses a common decoder on the ad- 
dress bus. Note the decoder is able to operate regardless 
of which processor is in control of the bus. 


The CSI (chip select in) and CSO (chip select out) pins 
of the 82188 provide a way for a second bus master to 
select memory while also making use of the 80186 inte- 
grated chip-selects. The CSI pin of the 82188 connects 
directly to one of the 80186's chip-selects while CSO 
connects to the memory device designated for the chip- 
selects range. An example of this is shown in Figure 10. 
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When the 80186 has control of the bus, the circuit acts 
just as a buffer and the memory device gets selected as 
if the circuit had not been there. Whenever CSI goes 
active, CSO goes active. When a second bus master, 
such as the 8087, takes control of the bus, CSO goes 
active and remains active until the 8087 passes control 
back to the processor. At this time CSO is deactivated. 


A functional block diagram of the CSI-CSO circuit is 
shown in Figure II. A grant pulse on the RQ/GTO line 
gives control 
to 
the 
8087 
and 
also 
causes 
the 


8087CONTROL 
signal to go active, which in turn 


causes CSO to go active. The 8087CONTROL signal 
~ 
inactive when either a release is received on 


RQ/GTO, indicating that the 8087 is relinquishing con- 
trol to the main processor, or a grant is received on the 
RQ/GTI 
line, indicating that the 8087 is relinquishing 


control to a third processor. Both actions signify that 
the 8087 is relinquishing the bus. If CSO goes inactive 
because a third processor took control of the bus, then 
CSO will go active again for the 8087 when a release 
pulse is transmitted on the RQ/GTI 
line to the 8087. 
This release pulse occurs as a result of SYSHLDA go- 
ing inactive from the third processor. 


To provide the 8087 access to data in low memory 
through an integrated chip-select, the LCS pin should 
be disconnected from the bank that it is currently se- 
lecting and fed directly into the 82188 CSI. The CSI 
~ut 
should be connected .!Q...!.hebanks which the 


LCS formerly selected. The LCS will still select the 
same banks because CSO goes active whenever CSI 
goes active. But now the 8087, when taking control of 
the bus, may also select these banks. 


Care must be taken in locating the 8087 data area be- 
cause it must reside in the area in which the chip-select 
is defined. If the 808~nerates 
an address outside of 


the LCS range, the CSO will still go active, but the 
address will erroneously select a part of the lower bank. 
Note also that this chip-select limits the size of the 8087 
data area to the maximum size memory which can be 
selected with one chip-select. However, this does not 
place a limit on instruction code size or non-8087 data 
size. All 80186 and 8087 instructions are fetched by the 
processor and therefore do not require that the 8087 be 
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able to address them. Likewise, non-8087 data is never 
accessed by the 8087 and therefore does not require an 
8087 chip-select. 


The 8087 must accurately track every instruction fetch 
the 80186 performs so that each op-code may be read 
from the system bus by the 8087 in parallel with the 
processor. This means that for instruction code areas, 
the 80186 cannot use internally generated wait states. 
All ready logic for these areas must be generated exter- 
nally and sent into the 82188. The 82188 then presents 
a synchronous 
ready out (SRO) signal to both the 


80186 and the 8087. 


5.5.1 INTERNAL 
WAIT 
STATES 
WITH 


INSTRUCTION 
FETCHES 


If internal wait states are used by the processor with the 
8087 at zero wait states, then the 8087 will latch op- 
codes using a four clock bus cycle while the processor is 
using between five and seven clocks on each bus cycle. 
If the wait states are truly necessary to latch valid data 
from memory, then a four clock bus cycle will force the 
8087 to latch invalid data. The invalid data may then be 
possibly interpreted to be an ESCAPE prefix when, in 
reality, it is not. The reverse may also hold true in that 
the 8087 may not recognize an ESCAPE prefix when it 
is fetched. These conditions could cause a system to 
hang (i.e., cease to operate), or operate with erroneous 
results. 


If the memory is fast enough to allow latching of valid 
data within a four clock bus cycle, then the 80186 inter- 
nal wait states will not cause the system to hang. Both 
processors will receive valid data during their respec- 
tive bus cycles. The 8087 will finish its bus cycle earlier 
than the processor, but this is of no consequence to 
system operation. The 8087 will synchronize with the 
processor using the status lines SO-S2 at the start of the 
next instruction fetch. 


5.5.2 INTERNAL 
WAIT 
STATES 
WITH 
DATA 
& 


110 CYCLES 


With the exception of "Dummy Read Cycles" and in- 
struction fetches, all memory and I/O bus cycles exe- 
cuted by the host processor are ignored by the 8087. 
Coprocessor synchronization 
is not required for un- 


tracked bus cycles and, therefore, internally generated 
wait states do not affect system operation. All of the 
110 space and any part of memory used strictly for 
data may use the internal wait state generator on the 
80186. 


Memory used for 8087 data is somewhat different. 
Here, as in the case of code segment areas, the system 
mlist rely on an external ready signal or else the memo- 
ry must be fast enough to support zero wait state opera- 
tion. Without an external ready signal, the 8087 will 
always perform a four clock bus cycle which, when 
used with slow memories, results in the latching of in- 
valid data. 


Internal wait states will not affect system operation for 
data cycles performed by the 8087. In this case the 8087 
has control of the bus and the two processors operate 
independently. 


One type of data cycle has not yet been considered. 
Each time a numerics variable is accessed, the host 
processor runs a "Dummy 
Read Cycle" in order to 


calculate the operand address for the 8087. The 8087 
latches the address and then takes control of the bus to 
fetch any subsequent bytes which are necessary. If the 
8087 variables are located at even addresses, then an 
internally generated wait state will not present any 
problems to the system. If any numeric variables are 
located at odd addresses, then the interface between the 
host and coprocessor becomes asynchronous 
causing 


erroneous results. 


The erroneous results are due to the 80186 running two 
back-to-back bus cycles with wait states while the 8087 
runs two back-to-back bus cycles without wait states. 
The start of the second bus cycle is completely uncoor- 
dinated between the two processors and the 8087 is un- 
able to latch the correct address for subsequent trans- 
fers. For this reason, 8087 variables in a 80186 system 
must always lie on even boundaries when using the in- 
ternal wait state generator to access them. 


Numeric variables in an 80188 system must never be in 
a section of memory which uses the internal wait state 
generator ..The 80188 will always perform consecutive 
bus cycles which would be equivalent to the 80186 per- 
forming an odd addressed "Dummy Read Cycle." 


The 80186 automatically inserts three wait states to the 
predefined upper memory chip select range upon power 
up and reset. This enables designers to use slow memo- 
ries for system boot ROM if so desired. If slow ROM's 
are chosen, then no further programming is necessary. 
If fast ROM's are chosen, then the wait state logic may 
simply be reprogrammed to the appropriate number of 
wait states. 


The automatic wait states have the possibility of pre- 
senting the same problem as described in section 5.5.1 if 
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the boot ROM needs one or more wait states. Under 
these conditions the 8087 would be forced to latch in- 
valid opcodes and possibly mistake one for an ESCAPE 
instruction. 


If the boot ROM requires wait states, then some sort of 
external ready logic is necessary. This allows both proc- 
essors to run with the same number of wait states and 
insures that they always receive valid data. 


If the boot ROM does not require wait states, then 
there is no need to design external ready logic for the 
upper chip select region. But if 8087 code is present in 
the upper memory chip select region, the situation de- 
scribed in section 3.4 regarding "Dummy Read Cycles" 
must be considered. 


The 82188 solves this problem by inserting three wait 
states on the SRO line to the 8087 for the first 256 bus 
cycles. By doing this the 82188 inserts the same number 
of wait states to both processors keeping them synchro- 
nized. The initialization code for the 80186 must pro- 
gram the upper memory chip select to look at external 
ready and to insert zero wait states within these first 
256 bus cycles. At the end of the 256 bus cycles, the 
82188 stops inserting wait states and both processors 
run at zero wait states. 


The 80186 and 8087 sample READY on different clock 
edges. This implies that some sort of external synchro- 
nization is required to insure that both processors sam- 
ple the same ready state. Without the synchronization, 
it would be possible for the external signal to change 
state between samples. The 80186 may sample ready 
high while the 8087 samples ready low. This would lead 
to the two processors running different length bus cy- 
cles and possibly cause the system to hang. 


The 82188 provides ready synchronization through the 
ARDY and SRDY inputs. Once a valid transition is 
recorded, the 82188 presents the results on the SRO 
output and holds the output in that state until both 
processors have had a chance to sample the signal. 


In order for the 8087 to read and write numeric data to 
and from memory, it must have a means of taking con- 
trol of the local bus. With the 8086/88 this is accom- 
plished through a request-grant exchange protocol. The 
80186, however, makes use of HOLD/HOLD 
AC- 


KNOWLEDGE 
protocol to exchange control of the 


bus with another processor. The 82188 supplies the 
necessary conversion to interface RQ/GT 
to HOLD/ 


HLDA signals. The RQ/GT~nal 
of the 8087 con- 


nects directly to the 82188's RQ/GTO input while the 
82188's HOLD and HLDA pins connect to the 80186's 
HOLD and HLDA pins. 


When the 8087 requires control of the bus, the 8087 
sends a request on the RQ/GTO line to the 82188. The 
82188 responds by sending a HOLD request to the 
80186. When HLDA is received back from the 80186, 
the 82188 sends a grant back to the 8087 on the same 
RQ/GTO line. 


The 82188 also has provisions for adding a third bus- 
master to the system which uses HOLD/HLDA 
pro- 


tocol. 
This 
is 
accomplished 
by ~inLthe 
82188 


SYSHOLD, 
SYSHLDA, 
and 
RQ/GTl 
signals. 


The third processor requests the bus by pulling the 
SYSHOLD line high. The 82188 will route (and trans- 
late if necessary) the requests to the current bus master. 
If the 8087 has control, the 82188 will request control 
via the RQ/GTl 
line which should be connected to the 


8087's RQ/GTl 
line. 


The 8087 will relinquish control by~tt~ 
off the bus 


and sending a grant pulse on the RQ/GT1 
line. The 


82188 responds by sending a SYSHLDA to the third 
processor. The third processor lowers SYSHOLD when 
it has finished on the bus. The 82188 routes this in the 
form of a release pulse on the RQ/GTI 
line to the 


8087. The 8087 then continues bus activity where it left 
off. 
The 
maximum 
latency 
from 
SYSHOLD 
to 


SYSHLDA is equal to the 80186 latency + 8087 laten- 
cy + 82188 latency. 


One of the most important timing specs associated with 
the 80186-8087 interface is the speed at which the sys- 
tem should run. The 8087 was designed to operate with 
a 33% duty cycle clock whereas the 80186 and 80188 
were designed to operate with a 50% duty cycle clock. 
In order to run both parts off the same clock, the 8087 
must run at a slower speed than is typically implied by 
its dash number in the 8086/88 family. 


inter 


To determine the speed at which an 8087 may run 
(with a 50% duty cycle clock), the minimum low and 
high times of the 8087 must be examined. The maxi- 
mum of these two minimum specs becomes the half-pe- 
riod of the 50% duty cycle system clock. For example, 
the 8087-1 provides worst case spec compatibility with 
the 80186 at system clock-speeds of up to 8 MHz. The 
clock waveforms are shown in Figure 12 using 10 MHz 
timings. 


The minimum clock low time spec (TCLCW of the 10 
MHz 8087 is 53 ns. The clock low time of an 8 MHz 
80186 is specified to be: 


Solving for TCLCL of the 80186 using TCLCH of the 
8087 yields the following: 


The calculation 
shows minimum 
cycle time of the 


80186 to be 121 ns. This time translates into a maxi- 
mum frequency of 8.26 MHz. 


The following benchmarks compare the overall system 
performance of an 8086, 80188, and an 80186 in nu- 
meric applications. 
Results are shown for all three 
processors in systems with the 8087 coprocessor and 
in systems using an 8087 software emulator. Three 
FORTRAN 
benchmark 
programs are used to dem- 


10MHz 
8087 
SPECS 
33% 
DUTY CYCLE 
CLOCK 


TCLCH 


MIN. 
LOW TIME 


8MHz 
80186 
SPECS 
50% 
DUTY CYCLE 


CLOCK 


onstrate the large increase in floating-point math per- 
formance provided by the 8087 and also the increase in 
performance due to the enhanced 80186 and 80188 host 
processors. 


The 8086 results were measured on an Intellec® Series 
III 
Microcomputer 
Development 
System 
with 
an 


iSBC® 86/12 board and an iSBC 337 multimodule. 
Typically, one wait state for memory read cycles and 
two wait states for memory write cycles are experienced 
in this environment. 


The 80186 and 80188 results were measured on a proto- 
type board which allowed zero wait state operation at 
8 MHz. The benchmarks 
measured using the 8087 


showed little sensitivity to wait states. Instructions exe- 
cuted on the 8087 tend to be long in comparison to the 
amount of bus activity required and, therefore, are not 
affected much by wait states. 


The benchmarks measured using the software emulator 
are much more bus intensive and average from 10 to 15 
percent performance degradation for one wait state. 


All execution times shown here represent 8 MHz oper- 
ation. The 8086 results were measured at 5 MHz and 
extrapolated to achieve 8 MHz execution times. 


Routines were written in FORTRAN-86 
to calculate 


the final value of a fund given the annual interest and 
the present value. It is assumed that the interest will be 
compounded daily, which requires the calculation of 
the yearly effective rate. This value, which is the equiv- 
alent annual interest if the interest were compounded 
daily, is deter~ined 
by the following formula: 


yer = (1 + (ir/np))**np 
-' 
1 
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where: 
yer is the yearly effective rate 
ir is the annual interest rate 
np is the number of compounding periods per 
annum 
Once the yer is determined, the final value of the fund 
is determined by the formula: 


tv = (1 +yer)' 
pv 


where: 


pv is the present value 
fv is the future value 
Results are obtained using single-precision, double-pre- 
cision, and temporary real precision operands when: 


ir is set to 10% (0.1) 
np is set to 365 (for daily compounding) 
pv is set to $2,000,000 


yer 
Final Value 


Single-Precision 
10.514% 
$2,210,287.50 


(32-bit) 


Double-Precision 
10.516% 
$2,210,311.57 


(64-bit) 


Temporary 
Real 
10.516% 
$2,210,311.57 


Precision 


The difference between the final single-precision and 
double-precision values is $24.07; the difference in the 
final value between the double-precision and the tempo- 
rary real precision is 0.סס OO62cents. Since the 8087 
performs all internal calculations on 80-bit floating 
point numbers (temp real format), temporary real pre- 
cision operations perform faster than single- or double- 
precision. No data conversions are required when load- 
ing or storing temporary real values in the 8087. Thus, 
for business applications, the double-precision comput- 
ing of the 8087 is essential for accurate results, and the 
performance advantage of using the 8087 turns out to 
be as much as 100 times the equivalent software emula- 
tion program. 


6.3 
Matrix Multiply Benchmark 
Routine 


A routine was written in FORTRAN-86 
to compute 


the product of two matrices using a simple row/col~mn 
inner-product method. Execution times were obtamed 
for the multiplication of 32X32 matrices using double 
precision. The results of the benchmark are shown in 
Figure 14. 


The results show the 8087 coprocessor systems per- 
forming from 23 to 31 times faster than the equivalent 
software emulation program. Both the 80188/87 and 
the 80186/87 systems outperform the 8086/87 system 
by 34 to 75 percent. This difference is mainly attributed 
to the fact that the matrix program largely consists of 
effective address calculations used in array accessing. 
The hardware effective address calculator of the 80186 
and 80188 allow each array access to improve by as 
much as three times the 8086 effective address calcula- 
tion. 


The Whetstone benchmark program was developed by 
Harry Curnow for the Central Computer Agency of the 
British government. This benchmark has received high 
visibility in the scientific community as a measurement 
of main frame computer performance. It is a "synthet- 
ic" program. That is, it does not solve a real problem, 
but rather contains a mix of FORTRAN 
statements 


which reflect the frequency of such statements as mea- 
sured in over 900 actual programs. The program com- 
putes a performance metric: "thousandg of Whetstone 
instructions per second (KIPS)." 


Simple variable and array addressing, fixed- and float- 
ing- point arithmetic, subroutine calls and parameter 
passing, and standard mathematical functions are per- 
formed in eleven separate modules or loops of a pre- 
scribed number of iterations. 


8087 Software 
Emulator 
8087 Coprocessor 


80188 
8086 
80186 
80188 
8086 
80186 


Single Precision 
70.3 ms 
62.8 ms 
43.4 ms 
.70 ms 
.66ms 
.61 ms 


Double Precision 
72.1 ms 
62.9 ms 
44.4 ms 
.71 ms 
.66ms 
.61 ms 


Temp Real Precision 
72.6 ms 
63.0 ms 
44.8 ms 
.69 ms 
.65ms 
.59ms 


Average 
71.7 ms 
62.9 ms 
44.2 ms 
.70 ms 
.66ms 
.60ms 


The original coding of the Whetstone benchmark was 
written in Algol-6O and used single-precision values. It 
was rewritten in FORTRAN with single-precision val- 
ues to exactly reflect the original intent. Another ver- 
sion was created using double-precision values. The re- 
sults are shown in Table 3. 


The results show the 8087 systems with the 80186 and 
80188 outperforming the equivalent software emulation 
by 60 to 83 times. Additionally, the 80186 coupled with 
the 8087 outperformed the 8086/87 system by 22 per- 
cent. 
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Figure 13. Interest Rate Benchmark 
Results 
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Figure 14. Double Precision 
Matrix Multiplication 
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Units = KIPS 
8087 Software 
Emulator 
8087 Coprocessor 


80188 
8086 
80186 
80188 
8086 
80186 


Single 
2 
2.3 
3.3 
165.8 
178.0 
197.6 
Precision 


Double 
2 
2.2 
3.2 
151.7 
152.0 
185.2 
Precision 


These benchmarks show that the 8087 Numeric Data 
Coprocessor, 
coupled with either the 80186 or the 


80188, can increase the performance of a numeric ap- 
plication by 75 to 100 times the equivalent software 
emulation program. 


Applications which require array accessing with effec- 
tive address calculations will benefit even more by us- 
ing the 80188 and 80186 as the host processor as com- 
pared to the 8086. The results of the matrix multiplica- 
tion show both the 80188 and 80186 outperforming the 
8086 by 34 and 75%, respectively, in an 8087 system. 
In general, an 80186/8087 system will offer a 10% to a 
75% improvement over an equivalent 8086/8087 sys- 
tem, depending on the instruction mix. 


For controller applications which require high perform- 
ance in numerics and low system cost, the 16-bit 80186 
or 8-bit 80188 coupled with the 8087 offers an ideal 
solution. The integrated 
features of the 80186 and 


80188 offer a low system cost through reduced board 
space and a simplified production flow while the 8087 
fulfills the performance requirements of numeric appli- 
cations. 


The 82188 !BC provides a straightforward, highly inte- 
grated solution to interfacing the 80188 or 80186 to the 
8087. The bus control timings of the 82188 are compat- 
ible with the 80186 and 80188, allowing easy upgrades 
from existing designs. The 82188 features present a 
highly integrated solution to both new and old designs. 


The coprocessing capabilities of the 8087 bring per- 
formance improvements of 75 to 100 times the equiva- 
lent 80186 or 80188 software emulation program and 
an 80186/8087 system will offer a 10% to a 75% im- 
provement over an equivalent 8086/8087 system de- 
pending on the instruction mix. 


In addition a growing base of high-level language sup- 
port (FORTRAN, 
Pascal, C, Basic, PLIM, etc.) from 
Intel and numerous third-party software vendors facili- 
tates the timely and efficient generation of application 
software. 


82188 Data Sheet # 231051 
80186 Data Sheet #210451 
80188 Data Sheet #210706 
iAPX 86/88 80186/188 Users Manual 
Programmers Reference #210911 
Hardware Reference #210912 
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Systems which require I/O processing and serial data 
transmission are very software intensive. The commu- 
nication task and I/O operations consume a lot of the 
system's intelligence and software. In many conven- 
tional systems the central processing unit carries the 
burden of all the communication and I/O operations in 
addition to its main routines, resulting in a slow and 
inefficient system. 


In an ideal system, tasks are divided among processors 
to increase performance and achieve flexibility. One at- 
tractive solution is the combination of the Intel highly 
integrated 80186 microprocessor and the Intel 8-bit mi- 
crocontrollers 
such as the 8OC51, 8052, or 8044. In 


such a system, the 80186 provides the processing power 
and the 1 Mbyte memory addressability, while the con- 
troller provides the intelligence for the I/O operations 
and data communication tasks. The 80186 runs appli- 
cation programs, performs the high level communica- 
tion tasks, and provides the human interface. The mi- 
crocontroller performs 8-bit math and single bit boole- 
an operations, the low level communication tasks, and 
I/O processing. 


PCSO 


peS1 


oROO 


INTO 


RESET 


This application note describes an efficient method of 
interfacing the 16-bit 80186 high integration 
micro- 


processor to the 8OC5l, 8052, or the microcontroller- 
based 8044 serial communication controller. The inter- 
face hardware shown in Figure 1.1, is very simple and 
may be implemented with a programmable logic device 
or a gate-array. The 80186 and the microcontroller may 
run asynchronously and at different speeds. With this 
technique data transfers up to 200 Kbytes per second 
can be achieved between a 12 MHz microcontroller and 
an 8 MHz 80186. 


The 8-bit 80188 high integration microprocessor can 
also be used with the same interface technique. The 
performance of the interface is the same since an 8-bit 
bus is used. 


Interface to the 8044, 8OC5l, and the 8052 is identical 
because they have identical pinouts (some pins have 
alternate functions). As an example, the software pro- 
cedures for the 8044/80186 
interface, which is the 


building block for the application driver, is supplied in 
this Application Note. 
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Figure 1.1. 80186/Mlcrocontroller 
Based System 
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The 80186 and the microcontrollers 
are processors. 
They each access memory and have address/data, read, 
and write signals. There are three common ways to in- 
terface multiple processors together: 
1) First In First Out (FIFO) 
2) Dual Port RAM (DPRAM) 
3) Slave Port 


The FIFO interface, compared to DPRAM, 
requires 
less TTL and is easier to interface; however, FIFOs are 
expensive. The DPRAM interface is also expensive and 
even more complex. When DPRAM is used, the ad- 
dress/data 
lines of each processor must be buffered, 
and hardware 
logic is needed to arbitrate 
access to 


DPRAM. The slave port interface given here is cheaper 
and easier than both FIFO and DPRAM alternatives. 


The 80186 processor, when interfaced to this circuit, 
views the microcontroller as a peripheral chip with 8- 
bit data bus and no address lines (see Figure 1.1). It can 
read status and send commands to the microcontroller 
at any time. The microcontroller becomes a slave co- 
processor while keeping its processing power and serial 
communication capabilities. 


The microcontrollers, 
with the interface hardware, 
have a high level command interface like many other 
data 
communication 
peripherals. 
For 
example, the 


80186 can send the microcontroller commands such as 
Transmit or Configure. This means the designer does 
not have to write low level software to perform these 
tasks, and it offioads the 80186 to serve other functions 
in the application. 


The combination of the 80186 and a microcontroller 
basically provides all the functions that are needed in a 
system: a 16-bit CPU, 8-bit CPU, DMA controller, I/O 
ports, and a serial port. The 8OC51and the 8052 have 
an on-chip asynchronous channel, while the 8044 has 
an intelligent SDLC serial channel. In addition, many 
other functions such as timers, counters, and interrupt 
controllers are integrated in both the 80186 and the 
microcontrollers. 


Applications of the system described above are in the 
area of robotics, data communication networks, or seri- 
al communication 
backplanes. A typical example is 
copiers. Different segments of the copy machine like 
the motor, paper feed, diagnostics, and error/warning 
displays are all controlled by microcontrollers. 
Each 


segment receives orders from and replies to the central 
processor which consists of the 80186 interfaced with a 
microcontroller. 


Another common application is in the area of process 
controllers. An example is a central control unit for a 
multiple story building which controls the heating, 
cooling, and lighting of each room in each floor. In 
each room a microcontroller performs the above func- 
tions based on the orders received from the central 
processor. Depending on the throughput 
and type of 


the serial communication 
required, the 8044 or the 


8OC51(8052) may be selected for the application. 


2.0 OVERVIEW 
OF THE 80186, 


80C51, 8052, AND 8044 


This section briefly discusses the features of the micro- 
controllers and the 80186. For more information about 
these products please refer to the Intel Microcontroller 
and Microsystem components hand-books. Readers fa- 
miliar with the above products may skip this section. 


The 80186 contains an enhanced version ofIntel's 
pop- 


war 8086 CPU integrated with many other features 
common to most systems (Figure 2.1). The 16-bit CPU 
can access up to 1 Mbyte of memory and execute in- 
structions faster than the 8086. With speed selection of 
8, 10, and 12.5 MHz, this highly integrated product is 
the most popular 16-bit microprocessor for embedded 
control applications. 


The on-chip DMA controller has two channels which 
can each be shared by multiple devices. Each channel is 
capable of transferring data up to 3.12 Mbytes per sec-- 
ond (12.5 MHz speed). It offers the choice of byte or 
word transfer. It can be programmed 
to perform a 


burst transfer of a block of data, transfer data per speci- 
fied time interval, or transfer data per external request. 


The on-chip interrupt controller responds to both ex- 
ternal interrupts and interrupts requested by the on- 
chip peripherals such as the timers and the DMA chan- 
nels. It can be configured to generate interrupt vector 
addresses internally like the microcontrollers or exter- 
nally like the popular 8259 interrupt controller. It can 
be configured to be a slave controller to an external 
interrupt controller (iRMX 86 mode) or be master for 
one or two 8259s which in turn may be masters for up 
to 8 more 8259s. When configured in master mode, 
each channel can support up to 64 external interrupts 
(128 total). 


Three 16-bit timers are also integrated on the chip. 
Timer 0 and timer I can be configured to be 16-bit 
counters and count external events. If configured as 
timers, they can be started by software or by an exter- 
nal event. Timer 0 and 1 each contain a timer output 
pin. Transitions on these pins occur when the timers 
reach one of the two possible maximum counts. Timer 


2 can be used as a prescaler for timer 0 and I or can be 
used to generate OMA requests to the on-chip OMA 
channel. 


Finally, the integrated clock generator, the wait state 
generator, and the chip select logic reduce the external 
logic necessary to build a processing system. 


The 80C5IBH, as shown in Figure 2.2, consists of an 8- 
bit CPU which can access up to 64 Kbytes of data 
memory (RAM) and 64 Kbytes of program memory 
(ROM). In addition, 4 Kbytes of ROM and 128 bytes 
of RAM are built onto the chip. 


The on-chip interrupt controller supports five inter- 
rupts with two priority levels. There are two timers 
integrated in the 8OC51.Timer 0 and I can be config- 
ured as 8-bit or 16-bittimers or event counters. 


Finally the integrated full duplex asynchronous serial 
channel provides the human interface or communica- 


16-BIT 
CPU 


INTERRUPT 
CONTROLLER 
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CONTROLLER 


tion capability with other microcontrollers. The UART 
supports data rates up to 500 kHz (with 15MHz crys- 
tal) and can distinguish between address bytes and data 
bytes. 


The 8052 has the same features as the 8OC51except it 
has 8 Kbytes of on-chip ROM and 256 bytes of on-chip 
RAM. In addition the 8052 has another timer which 
may be configured as the baud rate generator for the 
serial port. 


The 8044 has all the features of the 8OC5l. In addition 
the on-chip RAM size is increased to 192bytes and an 
intelligent HOLC/SOLC serial channel (SID) replaces 
the 8OC51serial port (see Figure 2.3). It supports data 
rates up to 2.4 Mbps when an external clock is used and 
375 Kbps when the clock is extracted from the data 
line. The serial port can be used in half duplex point to 
point, multipoint, or one-way loop configurations. 
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to SOLC Commands 
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Figure 2.5. The 8044 Frame Formats 


The SIU is called an intelligent channel because it re- 
sponds to some SDLC commands automatically with- 
out the CPU intervention when it is set in auto mode. 
These automatic 
responses substantially 
reduce the 


communication 
software. Figure 2.4 gives the com- 


mands and the automatic responses. 


The 8044 supports many types of frames including the 
standard SDLC format. Figure 2.5 shows the types of 
frames the 8044 can transmit and receive. If a format 
with an address byte is chosen, the 8044 performs ad- 
dress filtering during reception and transmits the con- 
tents of the station address register during transmission 
automatically. If a format with FCS bytes is chosen, the 
8044 performs Cyclic Redundancy Check (CRe) dur- 
ing reception and calculates the FCS bytes during 
transmission of a frame in hardware. Two preamble 
bytes (PFS) may optionally be added to the frames. 
Formats that include the station address and the con- 
trol byte are supported both in the auto and flexible 
modes. 


3.0 80186/MICROCONTROLLER 


INTERACTION 


The 
80186 communicates 
with the microcontroller 


(8044, 8OC51 or 8052) through the system's memory 
and the CommandlData 
and Status registers. The CPU 


creates a data structure in the memory, programs the 
DMA controller with the start address and byte count 
of the block, and issues a command to the microcon- 
troller. A hypothetical block diagram of a microcon- 
troller when used with the interface hardware is given 
in Figure 3.1. 


Chip select and interrupt lines are used to communicate 
between the microcontroller and the host. The inter- 


rupt is used by the microcontroller to draw the 80186's 
attention. The Chip Select is used by the 80186 to draw 
the microcontroller's attention to a new command. 


There are two kinds of transfers over the bus: Com- 
mand/Status 
and 
data 
transfers. 
Command/Status 


transfers 
are always performed 
by the CPU. 
Data 


transfers are requested by the microcontroller and are 
typically performed by the DMA controller. 


The CPU writes commands using CS and WR signals 
and interrupts the microcontroller. The microcontroller 
reads the command, decodes it and performs the neces- 
sary actions. The CPU reads the status register using 
CS and RD signals (see Figure 4.1). 


To initiate a commnad like TRANSMIT or CONFIG- 
URE, a write operation to the microcontroller is issued 
by the CPU. A read operation from the CPU gives the 
status of the microcontroller. Section 5 discusses details 
on these commands and the status. 


Any parameters or data associated with the command 
are transferred between the system memory and the 
microcontroller 
using DMA. The 80186 prepares a 


data block in memory. Its first byte specifies the length 
of the rest of the block. The rest of the block is the 
information field. The CPU programs the DMA con· 
troller with the start address of the block, length of the 
block and other control information and then issues the 
command to the microcontroller. 


When the microcontroller requires access to the memo- 
ry for parameter or data transfer, it activates the 80186 
DMA request line and uses the DMA controller to 
achieve the data transfer. Upon completion of an opera- 
tion, the microcontroller 
interrupts 
the 80186. The 


CPU then reads results of the operation and status of 
the microcontroller. 


inter 


80CS1 


OR 


8052 


OR 
80« 


ter transfer if the decoded command requires such 
transfer. 
There are two kinds of transfers over the bus: com- 
mand/status and data transfers. The command/status 
transfers are always initiated and performed by the 
80186. The data transfers are requested by the micro- 
controller using the DMA request (DRQ) line. In rela- 
tively slow systems the 80186 might also perform the 
data transfers. In that case, the request from the micro- 
controller will serve as an interrupt to the CPU. This 
mode of operation depends on the serial data rate. 


The system interface performs command/status trans- 
fers, data/parameter transfers, and interrupts. This sec- 
tion describes the interface between the 80186 and a 
microcontroller shown in Figure 1.1. Section 6 de- 
scribes the interface hardware. 


The 80186controls the microcontroller by writing into 
the command/data register and reading from the status 
register. The CPU writes a command by activating the 
chip select (PCSO),putting the command onto the data 
bus, and activating the WR signal. The command byte 
is latched into the command/data register, and the mi- 
crocontroller is interrupted. In the interrupt service 
routine, the microcontroller reads the command byte 
from the command/data 
register, decodes the com- 
mand byte, and activates the DRQ for data or parame- 


At the end of parameter transfer the microcontroller 
updates the status register and interrupts the 80186. 


Data/parameter transfers are controlled by a pair of 
REQUEST/ACKNOWLEDGE 
lines: DMA Request 


line (DRQ) and DMA Acknowledge line (DACK). 
Data and parameters are transferred via the Com- 
mandlData register to or from memory. 


In order to request a transfer from memory, the micro- 
controller activates the DRQ pin. The DRQ signal goes 
active after a read operation by the microcontroller. In 
response, the 80186 DMA controller performs a byte 
transfer from the memory to the CommandlData regis- 
ter. Data is transferred on the bus and written into the 
CommandlData 
register on the rising edge of the 


80186 WR signal (MWR), which is activated by the 
DMA controller. Figure 4.2 shows the write timing. 


In order to request a transfer to memory, the microcon- 
troller activates the DRQ signal and outputs the data 
into the CommandlData latch. When the microcon- 
troller WR signal goes active, DRQ is set. In response, 
the DMA performs the data transfer and resets the 
DRQ signal. Figure 4.3 shows the read timing. 


inter 


the 
INTERRUPT 
ACKNOWLEDGE 
bit 
is 
set 


(MD7). The INT A bit is the most significant bit of the 
command byte..Figure 4.4 and 4.5 show the interrupt 
timing. Note that it is the responsibility of the CPU to 
clear the interrupt in order to prevent a deadlock. 


The microcontroller reports on completion of an event 
by updating the status register and raising the interrupt 
signal assuming this signal is initially low. The inter- 
rupt is cleared by the command from the CPU where 


80186 Pin Name 
Function 


CS 
RD 
WR 


1 
X 
X 
No Transfer 
to/from 
Command/Status 
0 
1 
1 
, 


0 
0 
0 
Illegal 


0 
0 
1 
Read from Status Register 


0 
1 
0 
Write to Command/Data 
Register 


DACK 
RD 
WR 


1 
X 
X 
No Transfer 


0 
1 
1 


0 
0 
0 
Illegal 


0 
0 
1 
Data Read from DMA Channel 


0 
1 
0 
Data Write to DMA Channel 


NOTE: 
Onlyone of CS. DACK may be active at any time. 
Figure 4.1. Data Bus Control 
Signals and Their Functions 
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This section specifies the format of the commands and 
status. The commands and status given here are similar 
to most common coprocessors and data communication 
peripherals (e.g.• the 82588 and 82586). The user may 
add more commands or redefine the formats for his/ 
her own specific application. 


A command is given to the microcontroller by writing 
it into the Command/Data 
register and interrupting 


the microcontroller. The command can be issued at any 
time; but in case it is not accepted. the operation is 
treated like a NOP and will be ignored (although the 
INT will be updated). 


Format: 
7654 
3 
2 
10 
I INTA 
I~,- 
__O_P_E_R_AT_I_O_N__ 


The INT A bit, if set, causes the interrupt 
hardware 


signal and the interrupt bit to be cleared. This is the 
22-339 


only way to clear the interrupt bit and reset the 80186 
interrupt signal other than by a hardware reset. 


The OPERA nON 
field initiates a specific operation. 


The microcontroller executes the following commands 
in software: 


NOP 
ABORT 
TRANSMIT" 
CONFIGURE" 
DUMP" 
RECEIVE" 
TRA-DISABLE 
REC-DISABLE 
"Requires DMA operation. 


The above operations except ABORT are executed only 
when the microcontroller 
is not executing any other 


operation. Abort is accepted only when the CPU is per- 
forming a DMA operation. 


inter 


Operations that require parameter transfer (e.g., CON- 
FIGURE and DUMP) or data transfer (e.g., TRANS- 
MIT and RECEIVE) are called parametric operations. 
The remaining are called non-parametric operations. 


An operation is initiated by writing into the command 
register. This causes the microcontroller to execute the 
command decode instructions. Some of the operations 
cause the microcontroller 
to read parameters 
from 


memory. The parameters are organized in a block that 
starts with an 8-bit byte count. The byte count specifies 
the length of the rest of the block. Before beginning the 
operation, the DMA pointer of the DMA channel must 
point to the byte count. There is no restriction on the 
memory structure of the parameter block as long as the 
microcontroller receives the next byte of the block for 
every DMA request it generates. Transferring the bytes 
is the job of the 80186 DMA controller. 


The microcontroller requests the byte-count and deter- 
mines the length of the parameter block. It then re- 
quests the parameters. 


Upon completion of the operation, (when interrupt is 
low) the microcontroller updates the status, raises the 
interrupt signal, and goes idle. 


This operation does not affect the microcontroller. It 
has no parameters and no results. 


This operation attempts to abort the completion of an 
operation under execution. It is valid for CONFIG- 
URE, TRANSMIT, 
DUMP, and RECEIVE. It is ig- 


nored for any of the above if transfer of parameters has 
already been accomplished. The microcontroller, upon 
reception of the ABORT command, stops the DMA 
operation and issues an Execution-Aborted interrupt. 


This operation transmits one message. A message may 
be transmitted as an SDLC frame by the 8044, or in 
ASYNC protocol by the 80C51 or the 8052 serial port. 


Figure 5.1 shows the format of the Transmit block. A 
typical transmit operation parameter block includes the 
destination address and the control byte in the informa- 
tion field. As an example, see the 8044 transmit block 
in Figure 7.2. 


BYTE COUNT 


FIRST INFO BYTE 


LAST INFO BYTE 


Figure 5.1. Format of Transmit 
Block 


The transmit operation will either complete the execu- 
tion or be aborted by a specific ABORT operation. A 
Transmit-Done 
or Execution-Aborted 
interrupt 
is is- 


sued upon completion of this operation. 


This operation configures the microcontroller's internal 
registers. The length and the part of the configuration 
block that is modified are determined by the first two 
bytes of the command parameter (see Figure 5.2). The 
FIRST BYTE specifies the first register in the config- 
ure block that 
will be configured, 
and the BYTE 


COUNT specifies the number of registers that will be 
configured starting with the FIRST BYTE. For exam- 
ple, if the FIRST BYTE is I and the BYTE COUNT is 
the length of the configure block, then all of the regis- 
ters are updated. 
If FIRST BYTE is 4 and BYTE 


COUNT is 2, then only the fourth register in the con- 
figure block is updated. Minimum byte count is 2. 


7 
6 
5 
432 
1 
0 


BYTE COUNT 


FIRST BYTE 


FIRST REGISTER 


LAST REGISTER 


Figure 5.2. Format 
of Configure 
Block 


A Configure-Done interrupt is issued when the opera- 
tion is done unless ABORT 
was issued during the 


DMA operation. 


This operation causes dumping of a set of microcontrol- 
ler internal registers to system memory. Figure 7.4 
shows the format of the 8044 DUMP block. 


The DUMP operation will either complete the execu- 
tion or be aborted by a specific ABORT operation. A 
Dump-Done or Execution-Aborted 
interrupt is issued 


upon completion of this operation. 


This operation enables the reception of frames. It is 
ignored if the microcontroller's serial channel is already 
in reception mode. 


The serial port receives only frames that pass the ad- 
dress filtering. The microcontroller 
transfers the re- 


ceived information and the byte count to the system 
memory using DMA. The completion of frame recep- 
tion causes a Receive-Done event. 


This operation causes reception to be disabled. If trans- 
fer of data to the 80186 memory has already begun, 
then it is treated like the ABORT command. This oper- 
ation has no parameters. REC-DISABLE 
is accepted 


only when the microcontroller's serial port is in receive 
mode. 


This operation causes the transmission process to be 
aborted. If the microcontroller 
is fetching data from 


80186 memory, then it is treated like the ABORT com- 
mand. This operation has no parameters. It is accepted 
only when the serial port is in transmit mode. 


Parametric 
and 
non-parametric 
commands 
except 


ABORT will be rejected (interrupt will not be set) if the 
microcontroller is already executing a command. 


ABORT is rejected if issued when the microcontroller 
is not requesting DMA operation, or a non-Parametric 
execution is performed, or transfer of parameters/data 
has already been accomplished. 


DMA operations shall not be aborted by any non-para- 
metric or parametric command except by the ABORT 
command. 


REC-DISABLE 
and TRA-DISABLE 
will not be ac- 


cepted if the serial channel is idle. 


The microcontroller provides the information about the 
last operation that was executed, via the status register. 


The microcontroller reports on these events by updat- 
ing a status register and raising the INTERRUPT 
sig- 


nal. Information from the status register is valid pro- 
vided the interrupt signal is high or bit 0 of the status 
being read is set. 


Format: 


7 
6 
~I 
RTS' 


'8044 only 


5 
1~1 


4 
3 
2 
1 
0 


EVENT I~ 


The interrupt bit is set together with the hardware in- 
terrupt signal. Setting the INT bit indicates the occur- 
rence of an event. This bit is cleared by any command 
whose INTA bit is set. Status is valid only when this bit 
is set. 


The DMA bit, when set, indicates that a DMA opera- 
tion is in progress. This bit is set if the commnad re- 
ceived by the microcontroller requires data or parame- 
ter transfer. If this bit is clear, DRQ will be inactive. 
The DMA bit, when cleared, indicates the completion 
of a DMA operation. 


The E bit, if set, indicates that the event generated for 
the operation that was completed contains a warning, 
or the operation was not accepted. 


The RTS bit, if clear, indicates that the serial channel is 
requesting a transmission. 


The CTS bit indicates that, if the RTS bit is clear, the 
serial port is active and transmitting a frame. 


The event field specifies why the microcontroller needs 
the attention of the 80186. 


CONFIGURE-DONE 
TRANSMIT-DONE 
DUMP-DONE 
RECEIVE-DONE 
RECEPTION-DISABLED 
TRANSMISSION-DISABLED 
EXECUTION-ABORTED 


This event indicates the completion of a CONFIGURE 
operation. 


This event indicates the completion of the TRANSMIT 
operation. 


If the E bit is set, it indicates that the transmit buffer 
was already full. 


This event indicates that the DUMP operation is com- 
pleted. 


This event indicates that a frame has been received and 
stored in memory. 


The format of the received message is indicated in Fig- 
ure 5.3. 


LAST INFO BYTE 


RECEIVED 
BYTE COUNT 


Figure 5.3. Format 
of Receive 
Block 
. 


Following the byte count, a few more bytes relating to 
the received frame such as the source address and the 
control byte may be transferred to the system memory 
using DMA. As an example, see the 8044 receive block 
in Figure 7.3. 


Note that the format of a frame received by the micro- 
controller serial channel is configured by the CONFIG- 
URE command. 


This event is issued as a result of a RCV-DISABLE 
operation that causes part of a frame to be disabled. 


If the E bit is set, the serial port was already disabled, 
and the RCV-DISABLE is not accepted. 


This event is issued as a result of a TRA-DISABLE 
operation that causes transmission of a frame to be dis- 
abled. 


The E bit, if set, indicates that the TRA-DISABLE 
operation was not accepted since the serial port was 
already idle, or transmission of a frame has already 
been accomplished. 


This event indicates that the execution of the last opera- 
tion was aborted by the ABORT command. 


If the E bit is set, ABORT was issued when the micro- 
controller was not executing any commands. 


The interface hardware shown in Figures 6.1 and 6.2 
are identical. The difference is the status register. In 
Figure 6.2, an external latch is used to latch the status 
byte. This hardware is recommended if an extra I/O 
port on the microcontroller is required for some other 
applications, or external program and data memory is 
required for the microcontroller. The hardware shown 
in Figure 6.1 makes use of one of the microcontroller's 
I/O ports (Port I) to latch the status to minimize hard- 
ware. The discussion of Sections I through 5 apply to 
both schematics. 


After an 80186 hardware reset, the microcontroller is 
also reset. The on-chip registers are initialized as ex- 
plained in the Intel Microcontroller Handbook. The re- 
set signal also clears the 80186 interrupt and the micro- 
controller interrupt signals by resetting FF3 (Flip-Flop 
3) and FF2 (Flip-Flop 2). Figure 4.5 shows the RESET 
timing. 


A bidirectional latched transceiver (74ALS646) is used 
for the Command/Data 
register. 
When the 
80186 


writes a command to the Command/Data 
register, it 


interrupts the microcontroller. The interrupt is generat- 
ed only when bit 7 (INT A) of the command byte is set. 
When the 80186 PCSO and WR signals go active to 
write the command, FF2 will be set and FF3 will be 
cleared. The output of FF3 is the interrupt to the 80186 
and the INT status bit. The INT bit is cleared immedi- 
ately to indicate that the status is no longer valid. The 
output of FF2 is the interrupt to the microcontroller. A 
high to low transition on this line will interrupt the 
microcontroller. The interrupt signal will be cleared as 
soon as the microcontroller reads the command from 
the Command/Data 
register. 


In the interrupt service routine the command is decod- 
ed. If it requires a DMA transfer, the microcontroller 
sets the DMA bit of the status register which activates 
the DMA request signal. DRQ active causes the 80186 
on-chip DMA to perform a fetch and a deposit bus 
cycle.The first DMA cycle clears the DRQ signal (FFI 
is cleared). When the microcontroller performs a read 
or write operation, the output of the FFI will be set, 
and DRQ goes active again. 


The DMA controller transfers a byte from system 
memory to the CommandlData 
register. Data 
is 


latched when the 80186 PCSI and WR signals go ac- 
tive. PCSI and WR active also clear FFl. The micro- 
controller monitors the output of FF 1 by polling the 
P3.3 pin. When FFI 
is cleared the microcontroller 


reads the byte from the Command/Data register. The 
P3.3 pin is also the interrupt pin. If a slowrate of trans- 
fer is acceptable, every DMA transfer can be interrupt 
driven to allow the microcontroller to perform other 
tasks. 


The DMA controller transfers a byte from the Com- 
mandlData 
register to system memory by activating 


the 80186 PCSI and RD signals. PCSI and RD active 
also clear FFl. When FFI is cleared the microcontrol- 
ler writes the next byte to the CommandlData register. 


When all the data is transferred, the microcontroller 
clears the DMA status bit to disable DRQ. It then up- 
dates the status, sets the INT bit, and interrupts the 
80186. 


Ifthe interface hardware in Figure 6.1 is used Pl.l 
is 


the DMA status bit and Pl.O is the INT bit. The micro- 
controller enablesor disables them by writing to port l. 
In Figure 6.2, DRQ or INT is disabled or enabled by 
writing to the 74LS374 status register. Note that the 
INT status bit is cleared by the hardware when the 
80186 writes a command. 


The command is written and the status is read with the 
same chip select (PCSO), although the status is read 
through the 74LS245 transceiver and the command is 
written to the CommandlData register. 
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The microcontroller updates the status byte whenever a 
change occurs in the status and outputs the result to the 
status register. In order to read status, the 80186 acti- 
vates the PCSO line, and then activates the RD line. 
The contents of the status are put on the data bus, 
through the 74LS245 transceiver. 


For systems that require two DMA channels, a second 
pair of DRQIIDACKI 
signals may easily be added to 


the hardware. 
In that 
case one of the status bits 


(DMA2) ANDed with the output of FFI will serve as 
the second DMA request signal (DRQI). DACKI can 
be generated with the 80186 PCS2. 


This section shows how to make use of the status and 
commands described in section 5 and the hardware giv- 
en in Figure 6.1 to interface the 80186 with the 8044. 
The 8044 code to implement these functions is shown 
in Appendix A. 


This operation configures the 8044 registers. The for- 
mat of the configure block is shown in Figure 7.1. The 
part of the configuration block that is modified is deter- 
mined by the first two bytes of the command parame- 
ter. The FIRST BYTE specifies the first register in the 
configure block that will be configured, and the BYTE 
COUNT specifies the number of registers that will be 
configured starting with the FIRST BYTE. For exam- 
ple, if the FIRST BYTE is 1 and the BYTE COUNT is 
13, then all of the registers are updated. If FIRST 
BYTE is 4 and BYTE COUNT is 2, then transmit buff- 
er start register is configured. 


The configure command performs the following: 1) 
configures the interrupts and assigns their priorities; 2) 
assigns the start address and length of the transmit and 
receive buffers; 3) sets the station address; 4) sets the 
clock option and the frame format. 


For other microcontrollers the format of the configure 
block should be modified accordingly. For example, the 
80CSI serial port registers (e.g., T2CON, SCON) re- 
place the 8044 SIU registers in the configure block. 


7 
6 
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BYTE COUNT 


FIRST BYTE 


STS 


SMD 


STATION 
ADDRESS 


TRANSMIT 
BUFFER START 


TRANSMIT 
BUFFER 
LENGTH 


RECEIVE BUFFER START 


RECEIVE BUFFER 
LENGTH 


INTERRUPT 
PRIORITY 


INTERRUPT 
ENABLE 


TIMER/COUNTER 
MODE 


TIMER/COUNTER 
MODE 


PROCESSOR 
STATUS WORD 


7.2 Transmitting 
a Message 


with the 8044 


A message is a block of data which represents a text file 
or a set of instructions for a remote node or an applica- 
tion program which resides on the 8044 program mem- 
ory. A message can be a frame (packet) by itself or can 
be comprised of multiple frames. An SDLC frame is 
the smallest block of data that the 8044 transmits. The 
8044 can receive commands from the 80186 to transmit 
and receive messages. The 8044 on-chip CPU can be 
programmed to divide messages into frames if neces- 
sary. Maximum frame size is limited by the transmit or 
receive buffer. 


To transmit a message, the 80186 prepares a transmit 
data block in memory as shown in Figure 7.2. Its first 
byte specifies the length of the rest of the block. The 
next two bytes specify the destination address of the 
node the message is being sent to and the control byte 
of the message. The 80186 programs the DMA control- 
ler with the start address of the block, length of the 
block and other control information and then issues the 
Transmit command to the 8044. 


Upon receiving the command, the 8044 fetches the first 
byte of the block using DMA to determine the le?gt~ of 
the rest of the block. It then fetches the destmatlOn 
address and the control byte using DMA. 


The 8044 fetches the rest of the message into the on- 
chip transmit buffer. The size and location of the trans- 
mit buffer in the on-chip RAM is configured with the 
Configure command. The 8044 CPU then enables the 
Serial Interface Unit (SID) to transmit the data as an 
SDLC frame. The SIU sends out the opening flag, the 
station address, the SDLC control byte, and the con- 
tents of transmit buffer. It then transmits the calculated 
CRC bytes and the closing flag. The 8044 CPU and the 
SIU operate concurrently. The CPU can fetch bytes 
from system memory or execute a command such as 
TRANSMIT-DISABLE 
while the sm is active. 


Upon completion of transmission, the SIU updates the 
internal registers and interrupts 
the 8044 CPU. The 


8044 then updates the status and interrupts the 80186. 
Note that baud rate generation, 
zero bit insertion, 


NRZI encoding, and CRC calculation are automatical- 
ly done by the SIU. 


7.3 
Receiving a Message 
with the 8044 


To receive a message, the 80186 allocates a block of 
memory to store the message. It sets the DMA channel 
and sends the Receive command to the 8044. 


Upon reception of the command, the 8044 enables its 
serial channel. The 8044 receives and passes to memory 
all frames whose address matches the individual or 
broadcast address and passes the CRC test. 


The SIU performs NRZI decoding and zero bit dele- 
tion, then stores the information field of the received 
frame in the on-chip receive buffer. At the end of recep- 
tion, the CPU requests the transfer of data bytes to 
80186 memory using DMA. After transferring all the 
bytes, the 8044 transfers the data length, source ad- 
dress, and control byte of the received frame to the 
memory (see Figure 
7.3). Upon completion 
of the 


transfers, the 8044 updates the status register and raises 
the interrupt signal to inform the 80186. 


If the SIU is not ready when the first byte of the frame 
arrives, then the whole frame is ignored. Disabling re- 
ception after the first byte was passed to memory caus- 
es the rest of the frame to be ignored and an interrupt 
with Receive-Aborted event to be issued. 
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Figure 
7.2. The 8044 Transmit 
Frame 
Structure 
and Location 
of Data Element 
in System 
Memory 


PREAt.lBLE 


rLAG 


DESTI ADDRESS 


CONTROL 
BYTE 


FIRST DATA BYTE 


LAST 
DATA BYTE 


BYTE COUNT 


DESTI ADDRESS 


CONTROL 
BYTE 


LAST 
DATA BYTE 


rcs 
BYTE 


rcs 
BYTE 


rLAG 


Figure 
7.3. The 8044 Receive 
Frame 
Structure 
and Location 
of Received 
Data Element 
in 
System 
Memory 


Upon reception of the Dump command, the 8044 trans- 
fers the contents of its internal registers to the system 
memory (See Figure 7.4). 


! 
STS REG. 


SMDREG. 


STAD REG. 


TBSREG. 


TBLREG. 


TCB REG. 


RBS REG. 


RBLREG. 


RCB REG. 


RFLREG. 


PSWREG. 


IPREG. 


IE REG. 


TMODREG. 


TCON REG. 


To abort a DMA operation, the 80186 sends an Abort 
command to the CommandlData 
latch and interrupts 


the 8044. During a DMA operation, the 8044 puts the 
external interrupt to high priority; therefore, the Abort 
interrupt will suspend the execution of the operation in 
progress and update the status register with the Execu- 
tion-Aborted event. It then returns the 8044 program 
counter to a location before the aborted operation start- 
ed. The Abort software procedure given in Appendix A 
gives the details of the execution of the ABORT com- 
mand. 


7.6 Disabling the Transmission or 
Reception 


Transmission of a frame is aborted if the 80186 sends a 
TRANSMIT-DISABLE 
command to the 8044. The 


command causes the 8044 to clear the Transmit Buffer 


inter 


Full (TBF) bit. During transmission, if the TBF bit is 
cleared, the SIU will discontinue the transmission and 
interrupt the 8044 CPU. 


The RECEIVE-DISABLE 
command causes the 8044 


to clear the Receive Buffer Empty (RBE) bit. The SIU 
aborts the reception, if the RBE bit is cleared by the 
CPU. 


When transmission or reception of a frame is discontin- 
ued, the SIU interrupts the 8044 CPU. The CPU then 
updates the status and interrupts the 80186. 


When the 80186 sends a command, it sets the 8044 
external interrupt flag. The 8044 services the interrupt 
at its own convenience. In the interrupt service routine 
the 8044 executes the appropriate instructions for a giv- 
en command. During execution of a command the 8044 
ignores any command, except ABORT, sent by the 
80186 (see section 5.1.2). This is accomplished by clear- 
ing the interrupt flag before the 8044 returns from the 
interrupt service routine. During DMA operations the 
8044 sets the external interrupt to high priority. An 
interrupt with high priority can suspend execution of 
an interrupt 
service routine with low priority. The 


ABORT command given by the 80186 will interrupt 
the execution of the DMA transfer in progress. Upon 
completion of ABORT, execution of the last operation 
will not be resumed (see Appendix A). Note that any 
other command given during the DMA operation will 
also abort the operation in progress and should be 
avoided. 


To increase the number of information bytes in a frame, 
the 8044 can be operated in Expanded mode. In Ex- 
panded operation the system memory can be used as 
the transmit and receive buffer instead of the 8044 in- 
ternal RAM. AP-283, "Flexibility in Frame Size Oper- 
ation with the 8044", describes Expanded operation in 
detail. 


8.1 Transmitting 
a Message in 


Expanded 
Operation 


In Expanded operation the 8044 transmits the frame 
while it is fetching the data from the system memory 
using DMA. An internal transmit buffer is not neces- 
sary. The system memory can be used as the transmit 
buffer by the 8044. 


Upon receiving the Transmit command, the 8044 en- 
ables the SIU and fetches the first data byte from the 
CommandlData 
register. The SIU transmits the open- 


ing flag, station address, and the control byte if the 
frame format includes these fields. It then transmits the 


fetched data. The 8044 CPU fetches the next byte while 
the previously fetched byte is being transmitted by the 
SIU. The CPU 
fetches the remaining 
bytes using 


DMA, then the SIU transmits them simultaneously un- 
til the end of message is reached. The SIU then trans- 
mits the FCS bytes, the closing flag and interrupts the 
8044 CPU. The 8044 updates the status with the Trans- 
mit-Done event and interrupts the 80186. If the DMA 
does not keep up with transmission, the transmission is 
an underrun. 


8.2 
Receiving a Message in Expanded 
Operation 


In Expanded operation the DMA controller transfers 
data to the system memory while the 8044 SIU is re- 
ceiving them. 


To receive a message, the 80186 allocates a block of 
memory for storing the message. It sets the DMA chan- 
nel and sends the Receive command to the 8044. 


Upon reception of the command, the 8044 enables its 
serial channel and waits for a frame. The SIU performs 
flag detection, address filtering, zero bit deletion, NRZI 
decoding, and CRC checking as it does in Normal op- 
eration. 


After the SIU receives the first byte of the frame, the 
8044 CPU requests the transfer of the byte to memory 
using DMA. The 80186 DMA moves the information 
byte into the system memory while the SIU is receiving 
the next byte. The next byte is transferred to the memo- 
ry after the SIU receives it. When the entire frame is 
received, the SIU checks the received Frame Check Se- 
quence bytes. If there is no CRC error, the SIU updates 
the 8044 registers and interrupts the 8044 CPU. The 
CPU updates the status and interrupts the 80186. 


This application note describes an efficient way to in- 
terface the 80186 and the 80188 microprocessors to the 
Intel 8-bit microcontrollers like the 8OC51, 8052, and 
8044. To illustrate this point the 80186 microprocessor 
interface to the 8044 microcontroller based serial com- 
munication chip was described. The hardware interface 
given here is very general and can interface the 8-bit 
microcontrollers to a variety of Intel microprocessors 
and DMA controllers. The microcontrollers with this 
interface hardware have the same benefits as both the 
Intel UPI-41142 family and data communication pe- 
ripheral chips such as the 82588 and the 82568 LAN 
controllers. Like the Intel UPI chips, they can be easily 
interfaced to microprocessors, and like the data com- 
munication peripherals, they execute high level com- 
mands. A similar approach can be used to interface 
Intel microprocessors to the 16-bit 8096 microcontrol- 
ler. 


APPENDIX 
A 
SOFTWARE 


The software modules shown here implement the exe- 
cution of commands and status explained in sections 5 
and 7. The 80186 software provides procedures to send 
commands and read status. The 8044 software decodes 
and executes the commands, updates the status, and 
interrupts 
the 80186. The procedures given here are 


called by higher level software drivers. For example, an 
80186 application program may use the Transmit com- 
mand to send a block of data to an application program 
that resides in the 8044 ROM or in another remote 
node. The application programs and the drivers that 
perform the communication tasks run asynchronously 
since all communication tasks are interrupt-driven. 


Figure A-I shows how to assign the ports and control 
registers for an 80186-based system. The software is 
written for an Intel iSBC<8)186/51 computer board. 
The 8044 hardware is connected to the computer board 
iSBXTMconnector. 


Figure A-2 shows the 80186 command procedures. 
These procedures are used by the data link driver. 


Figure A-3 shows how the DMA controller is loaded 
and initialized for data and parameter transfer from the 
80186 memory to the 8044. This procedure is used by 
the TRANSMIT and CONFIGURE 
commands. 


Figure A-4 shows how the DMA controller is loaded 
and initialized for data and parameter transfer from the 
8044 to the 80186 memory. This procedure is used by 
the RECEIVE and DUMP commands. 


Figure A-5 shows an interrupt service routine which 
handles interrupts resulting from various events. Note 
that this routine is not complete. The user should write 
the software to respond to events. 


Figure A-6 shows an example of the 80186 software. It 
shows how to start various operations. This is not a 
data link driver, but it gives the procedures needed to 
write a complete driver. 


Figure A-7 shows how to initialize the 8044. The user 
application program should be inserted here. 


Figures A-8 through A-13 show the 8044 external in- 
terrupt service routine. In this routine a command re- 
ceived from the 80186 is decoded, and one of the com- 
mand procedures shown in Figures A-9 through A-13 
is executed. 


Figure A-14 shows the serial channel (SID) interrupt 
service routine. Note that execution of TRANSMIT, 
RECEIVE, 
and TRANSMIT-DISABLE 
commands 


are completed in this routine. 


inter 


NAME COM_DRIVER 


,.. 
80186 
SOFTWARE FOR TIlE 
80186/MICROCOKTROLLER 
IKTERFACE 


/. 
8044 
BOARD COKMECTED TO TIlE 
SBXl 
OP THE .SBC 
186/51 
BOARD. 


/. 
SBXl 
IKTO 
TIED 
TO 80130 
IR[0-7]. 
COKMECT JtJIlPER 
30 
TO 46. 


/. 
80186 
DMA ClWlKEL 
1 OSED. 
COKKECT JUMPER 
202 
TO 203. 


CMD 44 
ST i4 
DATA_44 


, 
EVEKTS 


CON DOME 
TRA-DOME 
DUM-DOME 
REC-DOME 
REC-DISA 
TRA-DISA 
ABO:::DONE 


; 
COMMANDS 


ABO CMD 
EQO 
REC-DIS 
CMD 
EQU 
XMIT 
DIS 
CMD EQO 
REC CMo - 
EQU 
TRA-CMD 
EQU 
DUM-CMD 
EQU 


CON-CMD 
EQU 
NOP:::CMD 
EQU 


EQO 
080H 
EQU 
080H 
EQU 
OD4H 


ADDRESS 
OP TIlE 
COMMANDREGISTER 


ADDRESS 
OP TIlE 
STATUS 
REGISTER 
ADDRESS 
OP TIlE 
DATA REGISTER 


EQU 
OlK 
EQU 
02H 


EQU 
03H 
EQU 
04H 


EQU 
05H 


EQU 
06H 


EQU 
07H 


(INTA-l) 


CONPIGURE 
DOME 
TRANSMIT 
DoME 
DUMP DONi 
RECEIVE 
DOME 
RECEPTION 
DISABLE 
TRANSMISSION 
DISABLE 
EXECUTION_ABORTED 


080H 
081H 
082H 
083H 
084H 
DaSH 
086H 
087H 


ABORT 
RECEIVE 
DISABLE 


TRANSMIT DISABLE 
RECEIVE 
TRANSMIT 
DUMP 
CONFIGURE 
NOP 


SL 
DMAl 
SH-DMAl 
DL-DMAl 
DH-DMAI 
CNT DMAI 
CTL:::DMAI 


EQU 
OFFDOH 


EQU 
OFFD2H 


EQU 
OFFD4H 


EQU 
OFFD6H 
EQU 
OFFD8H 


EQU 
OFFDAH 


SOURCE ADDRESS 
(LO WORD) 


SOURCE ADDRESS 
(HI 
WORD) 
DESTINATION 
ADDRESS 
(LO WORD) 
DESTINATION 
ADDRESS 
(HI 
WORD) 
TRANSFER 
COUNT 
ADDRESS 
CONTROL ADDRESS 


CTLO 
IKTR 
CTLI-INTR 
MASK-INTR 
EOI 
INTR 
NSPEC_BIT 


EQU 
OFF38H 
EQU 
OFF3AH 
EQU 
OFF28H 


EQU 
OFF22H 
EQU 
08000H 


INT 
0 
CONTROL ADDRESS 
INT 
1 CONTROL REGISTER 


, 
INT 
MASK REGISTER 
INT 
EOI 
REGISTER 


NON-SPECIFIC 
EOI 


EOI 
SINTR 
EQU 
OEOH 
, 
INT 
EOI 
REGISTER 


MASK_SIKTR 
EQU 
OE2H 
MASK REGISTER 


RD IRR 
EQU 
OIOH 
COMMANDTO 80130 
TO READ IRR 
REG 


RD:::ISR 
EQU 
OllH 
COMMANDTO 80130 
TO READ ISR 
REG 


IV_BASE 
EQU 
20H 
BASE 
OF 
80130 
INT 
CONTROLLER VECTOR 
231784-11 


ORG 
(IV_BASE+1) 
*4H 


LABEL 
DWORO 


DATA 
SEGIlENT 


REC_BUFFER 
DB 


CON_BUFFER 
DB 


DUM_BUFFER 
DB 


TRA_BUFFER 
DB 


CIlHD_FLAG 
OW 


DATA 
ENDS 


ASSUME 
,,, 


CS:CODE, 
os: DATA, 
ES : NOTHING, 
SS:STACK 


PUSH 
MOV 
LES 
MOV 
MOV 
CALL 
MOV 
OUT 
pop 


RET 


BP 
BP,SP 
SI , DWORD 
PTR 
[BP+6] 
AX,WORD 
PTR[BP+10) 
AH,OH 
RECDMA 
AL,REC 
CKD 
CMO 44:-AL 
BP - 


CALL 
REC-DMA 
LOAD 
RECEIVE 
COHHAND 
SEND 
TO 
COMMAND/DATA 
REG 


PUSH 
MOV 
LES 
MOV 
MOV 
CALL 
MOV 
OUT 
POP 
RET 


BP 
BP,SP 
SI,DWORD 
PTR 
(BP+6] 
AX,WORD 
PTR(BP+10] 
AH,OH 
TRA 
OMA 
AL,TRA 
CMD 
CMD 
U-;-AL 
BP 
- 


CALL 
TRA-DMA 
I 
LOAD 
TRANSMIT 
COMMAND 
SEND 
TO 
COMMAND/DATA 
REG 


PUSH 
MOV 
LES 
MOV 
MOV 
CALL 
MOV 
OUT 
pop 


RET 


BP 
BP,SP 
SI,DWORD 
PTR[BP+6] 
AX,WORD 
PTR(BP+l0] 


AM,OH 
TRA 
DIlA 


AL,eON 
CMD 
CMD 44-;AL 
BP - 


CALL 
TRA-DIlA 
LOAD 
CONFIGURE 
COMMAND 
SEND 
TO 
COMMAND/DATA 
REG 


PUSH 
MOV 
LES 
MOV 
MOV 
CALL 
MOV 
OUT 
POP 
RET 


BP 
BP,SP 
SI,DWORD 
PTR[BP+6] 
AX, 
WORD 
PTR[BP+10J 


AM,OH 
RECDIlA 
AL,OUM 
CHO 
CKD 44;AL 
BP - 


CALL 
REC-DMA 
LOAD 
DUMP 
COMMAND 
SEND 
TO 
COMMAND/DATA 
REG 


ABOR_COMMAND 
PRce 
FAR 


MOV 
AL, ABC 
CMD 
LOAD 
ABORT 
COMMAND 


OUT 
CKD_44;AL 
SEND 
TO 
COMMAND/DATA 
REG 


RET 


NOP_COMMAND 
PRce 
FAR 


MOV 
AL,NOP_CKD 


OUT 
CMD_44,AL 


RET 


NOP _COMMAND. 
ENDP 


* * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * ** * * * * * * * * ** **** 
* * * * * * * * * 
** 
RECEIVE 
DKA 


ARGS 
AX 
BUFFER 
SIZE 
ES: SI 
BUFFER 
POINTER 


REC_DIIA 
PROC 
NEAR 


MOV 
DX, CNT_DMAl 


OUT 
DX,AX 


XOR 
BX,BX 


MOV 
AX,ES 


SHL 
AX,I 


RCL 
BX,l 


SHL 
AX,l 


RCL 
BX,l 


SHL 
AX,I 


RCL 
BX,l 


SHL 
AX,I 


RCL 
BX,l 


ADD 
AX,SI 


ADC 
BX,O 


MOV 
DX,DL_DMAl 


OUT 
DX,AX 


MOV 
AX,BX 


MOV 
DX,DH_DKAl 


OUT 
DX,AX 


MOV 
AX,OATA_44 


MOV 
DX,SL_DMAl 


OUT 
DX,AX 


XOR 
AX,AX 


MOV 
DX,SH_DNAl 


OUT 
DX,AX 


MOV 
DX,CTL_DHAl 


MOV 
AX,1010001010100110B 


OUT 
DX,AX 


RET 


REC_DMA 
ENDP 


CLEAR 
BX 
LOAD SEG ADDRESS 
OF BUFFER 
CALCULATE 
LINEAR 
ADDRESS 
OF THE BUFFER 


ADD THE OFFSET 
TO BASE 


I 
LOAD ADDRESS 
OF DEST 
POINTER 
(LO WORD) 
PROGRAM DEST 
POINTER 
REGISTER 
(LO WORD) 


I 
LOAD ADDRESS 
OF DEST 
POINTER 
(HI 
WORD) 


PROGRAM DEST 
POINTER 
REGISTER 
(HI 
WORD) 


I 
LOAD ADDRESS 
OF 
DATA REGISTER 
LOAD ADDRESS 
OF SOURCE 
POINTER 
PROGRAM SOURCE POINTER 
REGISTER 
(LO WORD) 


CLEAR AX 


: 
LOAD ADDRESS 
OF SOURCE 
POINTER 
(HI 
WORD) 


PROGRAM SOURCE 
POINTER 
REGISTER 
(HI 
WORD) 


: 
LOAD ADDRESS 
OF CONTROL REGISTER 
LOAD THE CONTROL WORD 
PROGRM THE CONTRL REGISTER 


; * * * ** * * * ** * * ** * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * 
; ** 
TRANSMIT 
DMA 


; 
ARCS 
AX 
BUFFER SIZE 


ES: SI 
BUFFER 
POINTER 


TRA DIIA 
- 
INC 
MOV 
OUT 


PROC 
NEAR 
AX 
DX,CNT 
OKAl 
OX,AX 
- 


BX,BX 
AX,ES 
AX,I 
BX,l 
AX,I 
BX,l 
AX,l 
BX,l 
AX,I 
BX,l 
AX,SI 
BX,O 
DX,SL 
DMAl 
OX,AX- 
AX,BX 
OX,SH 
CHAl 
OX, AX- 


CLEAR 
BX 
LOAD SEG ADDRESS 
OF BUFFER 
CALCULATE 
LINEAR 
ADDRESS 
OF THE BUFFER 


LOAD ADDRESS 
OF SOURCE 
POINTER 
(LO WORD) 
I 
PROGRAM SOURCE 
POINTER 
REGISTER 
(LO WORD) 


LOAD ADDRESS 
OF SOURCE POINTER 
(HI 
WORD) 


PROGRAM SOURCE 
POINTER 
REGISTER 
(HI 
WORD) 


LOAD ADDRESS 
OF DATA REGISTER 
LOAD ADDRESS 
OF DEST 
POINTER 
PROGRAM DEST 
POINTER 
REGISTER 
(LO WORD) 


CLEAR AX 
LOAD ADDRESS 
OF DEST 
POINTER 
(HI 
WORD) 


PROGRAM DEST 
POINTER 
REGISTER 
(HI 
WORD) 


LOAD ADDRESS 
OF CONTROL REGISTER 
LOAD THE 
CONTROL WORD 
PROGRAM THE CONTRL REGISTER 


AX,OATA 
44 
OX,OL 
DiAl 
DX,AX- 


AX,AX 
DX,DH 
OMAl 
DX,AX- 


DX,CTL 
DNAl 
AX,OOOI011010100110B 
DX,AX 


Figure A·4. Loading and Starting 
the 80186 DMA Controller 


22-352 


INT_186: 


PUSH 
PUSH 
MOV 
MOV 
OUT 


AX 
DX 
AX,NSPEC 
BIT 


OX, EO! 
INTR 


OX,AX 
- 


MOV 
AL,011000018 


OUT 
EOI_SINTR,AL 


IN 
AL,ST 
44 


AND 
AX,OFFH 


HOV 
DX, 
CTL 
OMAl 


IN 
AX,OX 
- 


OR 
AX,0100B 


AND 
AX,NOT 
010B 


OUT 
DX,AX 


MOV 
CMND_FLAG, 
TRUE 


pop 
DX 
pop 
AX 
lRET 


MOV 
SP,DATA 


MOV 
DS,SP 


MOV 
ES,SP 


MOV 
SP,STACK 
MOV 
SS,SP 


Mav 
SP, OFFSET 
TOS 


PUSH 
ES 


XOR 
AX,AX 


MOV 
ES,AX 


MOV 
WORD PTR ES:IV 
INTRO +0, 
OFFSET 
INT_186 


MOV 
WORD PTR ES: IV-INTRO 
+2, 
CS 


pop 
ES 
- 


HOV 
AL,00010011B 
ICWI 


OUT 
EOI_SINTR,AL 


MOL 
AL 


HOV 
AL, lV_BASE 
ICW2 


OUT 
MASK_SINTR,AL 


MOL 
AL 


HOV 
AL,OOOOOOOOB 
ICW4 


OUT 
MASK_SINTR,AL 


MOL 
AL 


HOV 
AL,OFCH 
;MASK 


OUT 
KASK_SINTR,AL 


MOV 
AX,00000000001000008 
MOV 
OX, CTLO 
INTR 
OUT 
OX,AX- 


MOV 
OX, CTL1 
INTR 
IN 
AX,DX 
- 
OR 
AX,00000000001010008 
OUT 
DX,AX 


AX,OOOEDH 
OX, MASK 
INTR 
DX,AX 
- 


PUSH 
PUSH 
PUSH 
CALL 
ADD 


WORD PTR 
CON BUFFER 
OS 
- 
OFFSET 
CON BUFFER 
CONF COIlllAiiD 


SP,3*2 


: 
WAIT 
FOR END OF 
COKllAND 


WAITl: 


CMP 
CMN'D 
FLAG, 
TRUE 
JNE 
WAITl 
MOV 
CHND_FLAG, 
FALSE 


;•• * 
SEND 
DUMP 
COMMAND 


PUSH 
PUSH 
PUSH 
CALL 
ADD 


WORD PTR 
DUll BUFFER 
OS 
- 
OFFSET 
DUll BUFFER 
DUIlP COIlllAiiD 


SP,3*2 


CMP 
CMND 
FLAG, 
TRUE 
JNE 
WAIT2 
MOV 
CHND_FLAG,FALSE 


;*.* 
SEND 
TRANSMIT 
COMMAND 


PUSH 
PUSH 
PUSH 
CALL 
ADD 


WORD PTR 
TRA BUFFER 
OS 
- 
OFFSET 
TRA BUFFER 
XMIT 
COMKAiiD 


SP,3*2 


CMP 
CHND 
FLAG, 
TRUE 
JNE 
WAIT) 
MOV 
CMND_FLAG,FALSE 


;•• * 
SEND 
RECEIVE 
COMMAND 


PUSH 
PUSH 
PUSH 
CALL 
ADD 


WORD PTR 
REC BUFFER 
OS 
- 
OFFSET 
REC BUFFER 
RECV COIlllAiiD 


SP,3*2 


PUSH 
BUFFER 
SIZE 
PUSH 
BUFPER 
SEGMENT REGISTER 
PUSH 
OFFSET 
OF BUFFER 
CALL CONFIGURE 


PUSH 
BUFFER 
SIZE 
PUSH 
BUFFER 
SEGMENT 
REGISTER 
PUSH 
OFFSET 
OF 
BUFFER 
CALL CONFIGURE 


PUSH 
BUFFER 
SIZE 
PUSH 
BUFFER 
SEGMENT REGISTER 
PUSH 
OFFSET 
OF BUFFER 
CALL COKllAND 


PUSH 
BUPPER 
SIZE 
PUSH 
BUFPER 
SEGMENT REGISTER 
PUSH 
OFFSET 
OF 
BUFFER 
CALL COKllAND 


CMP 
CMNDJLAG, 
TRUE 
JNE 
WAIT4 
MOV 
CMND_FLAG, 
FALSE 


ORG 
SJIIP 
ORG 
JIIp 
ORG 
JIIP 


OOH 
INIT 
03H 
EINTO 
23H 
SIINT 


LOCATIONS 00 
THRU 26H ARE USED 
BY INTERRUPT 
SERVICE 
ROUTINES. 
VECTOR ADDRESS FOR EXT INTO. 


VECTOR ADDRESS FOR SERIAL 
INT 


ORG 
MOV 
MOV 
CLR 
SETB 
SJKP 


26H 
TeON,'000000018 
IE, '000100018 
PLI 
EA 
DOT 


EXT INTO: 
EDGE TRIGGER 
SI-EXO-I 
CLEAR DRQ STATUS BIT 
ENABLE INTERRUPTS 
, 
WAIT FOR AN INTERRUPT 


;*********1t****ll****EXTERNAL 
INTERRUPT 0 .********** 
••• ******* 


EINTO: 
CLR 
Pl. 
5 
CLEAR THE E BIT 


MOV 
DPTR, 
'lOOH 
LOAD 
DATA 
POINTER 
WITH 
A 
DUMY 
NUMBER 


MOVX 
A,@DPI'R 
READ 
THE 
COMMAND 
BYTE. 


ANL 
A, '000011118 
KEEP THE OPERATION FIELD 


KOV 
R2 , A 
SAVE 
COMMAND 


DECODE 
COMMAND 
AND 
JUMP 
TO 
THE 
APPROPRIATE 
ROUTINE 


COMMAND 
OPERATION 
(BITSO-3) 


ABORT 
OOH 


REC-DISABLE 
OIH 
TRA-DISABLE 
02H 


RECEIVE 
03H 


TRANSMIT 
04H 


DUMP 
osH 


CONFIGURE 
06H 


NOP 
07H 


: 
IF 
INTO IS 
SET TO PRIORITY 
1, 


;THEN OMA OPERATION WAS IN 
PROGRESS. 
; 
EXECUTE 
ABORT 
REGARDLESS 
OF 
THE 
; COMMANDISSUED. 
; 
EXECUTE 
ABORT 
, 
THIS 
LINE 
WILL 
BE EXECUTED IF 
ABORT WAS 
;ISSUED 
WHEN THE 8044 
IS 
NOT EXECUTING 
'ANY COMMANDS. 


EXECUTE RECEIVE-DISCONNECT 


CJNE 
JIIP 
CJNE 
JIIP 
CJNE 
JIIp 
CJNE 
J!IP 
CJNE 
JIIP 
CJNE 
JIIP 
CJNE 
JIIP 
RETI 


A, 'OlH,J3 
CRDIS 
A, 'OB5H,J4 
CTDIS 
A, '03H,J5 
CREC 
A, '04H,J6 
CTRA 
A, 'OSH,J7 
CDUMP 
A, '06H,J8 
CCON 
A, '07H,J9 
CHOP 


intJ 


; .. 
NOP COIlMAND 


CNOP: 
CLR 
IEO 


RETI 


; .. 
ABORT COIlMAND 


CABO: 
.JNB 
PXO,CABOJl 
CLR 
PXO 
CLR 
Pl.1 


SETB 
Pl.2 
SETB 
Pl.) 
SETB 
Pl.4 


CLR 
IEO 
CLR 
PLO 
SETB 
PLO 


.JB 
P3.2, $ 


POP 
ACC 
POP 
ACC 
MOV 
B, ,HIGH($+10) 
MOV 
ACC, 'LOW($+7) 
PUSH 
ACC 
PUSH 
B 
CABO.J2 : 
RETI 


CABO.J1: 
NOP 
SETB 
Pl.5 


SETB 
Pl.2 
SETB 
Pl.3 
SETB 
Pl.4 


CLR 
IEO 
CLR 
PLO 
SETB 
PLO 


.JB 
P).2,S 
RETI 


IGNORE 
PENDING 
EXT INTO 
(IF 
ANY) • 
ANY INTERRUPT 
(COHMNAD) DURING 
EXECUTION 
OF AN OPERATION 
IS 
IGNORED 
RETURN 


WAS 
DKA 
IN 
PROGRESS? 
YES. 
EXT INTO: 
PRIORITY 
0 
CLEAR 
DIlA REQUEST 


; 
UPDATE STATUS WITH 
; ABORT- DONE EVENT 
(STATUS-DOH; 
E~O) 


IGNORE 
PENDING 
EXT INTO 
(IF 
ANY). 


SET 
INT 
BIT 
AND INTERRUPT 
80186 
, 
WAIT TILL 
INTERRUPT 
IS 
ACKNOWLEDGED 
EXECUTE 
THE 
NEXT 
"RETI" 
TWICE 
pop 
OUT 
THE 
OLD 
HI 
BYTE 
PC 
POP 
OUT THE OLD LOW BYTE PC 
HI 
BYTE ADDRESS 
OF CABO.J2 
LOW BYTE ADDRESS 
OF CABO.J2 
: 
PUSH 
THE ADDRESS 
OF THE NEXT 
: "RETIIl 
INSTRUCTION 
INTO 
STACK 
RETURN 


; 
UPDATE 
STATUS 
WITH 
; ABORT- DONE EVENT 
(STATUS-FDH: 
E-1) 


IGNORE 
PENDING 
EXT INTO 
(IF 
ANY) • 


SET 
INT 
BIT 
AND INTERRUPT 80186 
; WAIT TILL 
INTERRUPT IS 
ACKNOWLEDGED 
RETURN 


MOV 
CLR 
SETB 


DPTR,tlOOH 
IEO 
PXO 


SETB 
.JB 
MOVX 
MOV 
DEC 
.JB 
MOVX 
MOV 
.JB 
MOVX 
C.JNE 
MOV 
INC 
D.JNZ 
.JMP 
.JB 
MOVX 
C.JNE 
MOV 
INC 
D.JNZ 
.rMP 
.JB 
MOVX 
C.JNE 
MOV 
INC 
D.JNZ 
.rMP 
.JB 
MOVX 
C.JNE 


Pl.1 
P).), 
$ 
A,@DPTR 
RO,A 
RO 
P).),$ 
A,@DPTR 
Rl,A 
P3.l,$ 
A,@OPrR 
Rl,'OlH,CCONJl 
STS,A 
R1 
RO,CCONF4 
CCONT1 
P3. 3, CCONF4 
A,@DPTR 
Rl,t02H,CCONJ2 
SMO,A 
R1 
RO,CCONFS 
CCONT1 
P3. 3, CCONF5 
A,@DPTR 
Rl,'03H,CCONJ3 
STAD,A 
R1 
RO,CCONF6 
CCONTl 
P3 • 3 , CCONF6 
A,@OPTR 
Rl, '04H,CCONJ4 


IGNORE 
PENDING 
EXT INTO 
(IF 
ANY) 
EXT INTO: 
PRIORITY 
1 
PXO IS 
SET 
TO ACCEPT 
ABORT 
DURING DHA OPERATION. 
ENABLE 
DIlA REQUEST 
WAIT 
FOR DIlA ACK• 


READ 
FROM 
eOKMAN/DATA 
REGISTER 
LOAD BYTE COUNT 
DECREMENT BYTE COUNT 
WAIT 
FOR 
DKA ACK • 
READ 
FROM 
COMMAND/DATA 
REGISTER 
LOAD FIRST-BYTE 
WAIT 
FOR 
OMA ACK . 
READ 
FROM 
COMMAND/DATA 
REGISTER 
CHECK 
THE 
FIRST-BYTE 
UPDATE 
THE 
STS 
REGISTER 
INC. 
POINTER 
TO THE CONF. 
BLOCK 
CHECK 
THE 
BYTE 
COUNT 


inter 


MOV 
TBStA 


INC 
Rl 


DJNZ 
RO,CCONF7 


JMP 
CCONTl 
CCONF7: 
JB 
PJ • 3 , CCONF7 


MOVX 
A,@DPTR 
CCONJ4: 
CJNE 
Rl, '05H,CCONJ'5 


MOV 
TBL,A 


INC 
Rl 


DJNZ 
RO,CCONF8 


JMP 
CCONTl 
CCONF8: 
JB 
P3. 3, CCONF8 


MOVX 
A,@DPTR 


CCONJS: 
CJNE 
Rl, '06H,CCONJ6 


MOV 
RBS,A 


INC 
Rl 


DJNZ 
RO,CCONF9 


JMP 
CCONTl 


CCONF9: 
JB 
P3 • 3, CCONF9 


MOVX 
A,@DPTR 


CCONJ.: 
CJNE 
Rl,'07H,CCONJ7 


MOV 
RBL,A 


INC 
Rl 


DJNZ 
RO,CCONFA 


JMP 
CCONTl 
CCONFA: 
JB 
P3. 3, CCONFA 


MOVX 
A,@DPTR 
CCONJ7: 
CJNE 
Rl, 
'OBH,CCONJ8 


MOV 
IP,A 


INC 
Rl 


DJNZ 
RO,CCONFB 


JMP 
CCONTl 


CCONFB: 
JB 
P3. 3, CCONFB 


MOVX 
A,@DPTR 


CCONJ8: 
CJNE 
Rl,'09H,CCONJ9 


MOV 
IE,A 


INC 
Rl 


DJNZ 
RO,CCONFC 


JMP 
CCONTl 


CCONFC: 
JB 
P3. 3, CCOHFC 


MOVX 
A,@DPTR 


CCONJ9: 
CJNE 
Rl,tOAH,CCONJA 


MOV 
THOO,A 


INC 
Rl 


DJNZ 
RO,CCONFD 


JMP 
CCONTl 
CCONFD: 
JB 
P3. 
3, CCONFD 


MOVX 
A,@DPTR 
CCONJA: 
CJNE 
Rl,'OBH,CCONJB 


MOV 
TCON,A 


INC 
Rl 


DJNZ 
RO,CCONFE 


JMP 
CCONTl 


CCONFE: 
JB 
P3 
• 3 , CCONFE 


MOVX 
A,@DPTR 


CCONJB: 
CJNE 
Rl, 
tOCH, ERRORl 


MOV 
PSW,A 


INC 
Rl 


DJNZ 
RO,ERRORI 


JMP 
CCONTl 


ERROR1: 
NOP 
SETS 
Pl.S 


CCONT1: 
NOP 
CLR 
Pl.l 


CLR 
PXO 


SETB 
Pl.2 


CLR 
Pl.3 


CLR 
Pl.4 


CLR 
IEO 


CLR 
PLO 


SETB 
PLO 


JB 
P3. 2, $ 


RETI 


; 
UPDATE STATUS 
WITH 
,CONFIGURE-DONE 
EVENT 
(STATUS-CSH 
IF 
E-O) 


IGNORE 
PENDING 
EXT INTO 
(IF 
ANY) 


INTERRUPT 
THE 
8018. 
HAlT 
TILL 
INTERRUPT 
IS 
ACKNOWLEDGED 
RETURN 


, •• 
DUMP 
COMMAND 


CDUMP: 
MOV 
A,STS 
MOV)( 
@DPTR,A 
CLI< 
IEO 
SETB 
PXO 
SETB 
Pl.l 
JB 
P3. 3, $ 
MOV 
A,SMO 
MOVX 
@DPTR,A 
JB 
P3.3,$ 
MOV 
A,STAD 
MOV)( 
@DPTR,A 
JB 
P3.3,$ 
MOV 
Ao,TBS 
MOVX 
@DPTR,A 
JB 
P3. 3, $ 
MOV 
A,TBL 
MOV)( 
@DPTR,A 
JB 
P3.3,$ 
MOV 
A,TCB 
MOVX 
@DPTR,A 
JB 
P3.3,$ 
MOV 
A,RBS 
MOVX 
@DPTR,A 
JB 
PJ. 3, $ 
MOV 
A,RBL 
MOVX 
@DPTR,A 
JB 
P3. 3, $ 
MOV 
A,Rce 
MOV)( 
@OPTR,A 
JB 
P3. 
3, $ 
MOV 
A,RFL 
MOV)( 
@DPTR,A 
JB 
P3. 
3, $ 
MOV 
A,PSW 
MOVX 
@OPTR,A 
JB 
PJ. 3, $ 
MOV 
A,IP 
MOVX 
@DPTR,A 
JB 
P3. 3, $ 
MOV 
A,lE 
MOV)( 
@DPTR,A 
JB 
P3. 3, $ 
MOV 
A/TMOD 
MOVX 
@DPTR,A 
JB 
P3.3,$ 
MOV 
A, TeON 
MOV)( 
@DPTR,A 
JB 
P3. 3, $ 
CLI< 
Pl.l 
CLI< 
PXO 


SETB 
Pl.2 
SETB 
Pl.3 
CLI< 
P1.4 


CLI< 
IEO 
CLI< 
Pl. 
0 
SETB 
Pl. 
0 
JB 
P3.2, 
$ 
RETI 


LOAD 
THE 
FIRST 
DUMP REG 
INTO 
Ace 
WRITE 
TO THE COMMAND/DATA REGISTER 
IGNORE 
PENDING 
EXT INTO 
(IF 
ANY) 
INTRERRUPT 
0: 
PRIORITY 
1 
ENABLE 
DNA REQUEST 
WAIT 
FOR DNA ACK 


, 
UPDATE 
STATUS 
WITH 
; DUMP-DONE 
EVENT 
(STATUS-CDH) 


INTERRUPT 
THE 80186 
WAIT 
TILL 
INTERRUPT 
IS 
ACKNOWLEDGED 
RETURN 


: 
1ft1ft 
RECEIVE 
COMMAND. 
CREC: 
JNB 
RBE,CRECJl 


SETB 
Pl.5 
CRECJ1: 
SETB 
RBE 


CLR 
RBP 


CLR 
IEO 


RETI 


: 
•• 
TRANSMIT 
CTRA: 
MOV 
CLR 
SETB 
SETB 
JB 
MOV)( 
MOV 
DEC 
DEC 
MOV 


CTRAJ2: 
JB 
MOVX 
MOV 
DEC 


CTRAJJ: 
JB 
MOV)( 
MOV 
DJNZ 
SJMP 


CTRAJ4: 
JB 
MOV)( 
MOV 
INC 
DJNZ 


CTRAJ5: 
CLR 
CLR 
SETB 
SETB 
CLR 
RETI 


COIlKAND. 
Rl,TBS 
IEO 
PXO 
Pl.1 
PJ. 
J, $ 
A,@DPTR 
Ro,A 
A 
A 
TBL,A 
P3. 3, CTRAJ2 
A,@DPTR 
STAD,A 
RO 
P3 • 3 , CTRAJ3 
A,@DPTR 
TCB,A 
RO,CTRAJ4 
CTRAJ5 
P3.3,CTRAJ4 
A,@DPTR 
@R1,A 
R1 
RO,CTRAJ4 


Pl.1 
PXO 
TBF 
RTS 
IEO 


IS 
SIU 
ALREADY IN 
RECEIVE 
MODE? 
YES. 
SET 
THE E BIT 
NO. 
ENABLE 
RECEPTION 
CLEAR 
RECEIVE 
BUFFER 
PROTECT 
BIT 
IGNORE 
PENDING 
EXT INTO 
(IF 
ANY) 
; 
RETURN. 
UPDATE STATUS 
IN 
THE 
ISIU 
INTERRUPT 
ROUTINE. 


I 
LOAD TRANSMIT 
BUFFER 
START 
IGNORE 
PENDING 
EXT INTO 
(IF 
ANY) 
: 
EXT INTO: 
PRIROITY 
1 
ENABLE 
DMA REQUEST 
WAIT 
FOR 
DMA 
ACK. 
READ FROM COIlKAND/DATA REG. 
LOAD THE BYTE COUNT 
I 
SUBTRACT 
2 FROM THE BYTE 
; COUNT AND LOAD INTO XMIT 
LOAD BUFFER LENGTH 
WAIT 
FOR DMA ACK. 
READ FROM COIlKAND/DATA REG. 
1 LOAD DESTINATION 
ADDRESS 
DECREMENT THE BYTE COUNT 
WAIT 
FOR DMA ACK. 
READ FROM COIlKAND/DATA REG. 
LOAD THE TRANSMIT 
CONTROL BYTE 
IS 
THERE 
ANY INFO. 
BYTE? 
NO. 
YES. 
WAIT 
FOR DMA ACK. 
READ FROM COIlKAND/DATA REG. 
MOVE DATA TO THE TRANSMIT 
BUFFER 
INC. 
POINTER 
TO BUFPER 
I 
LAST 
BYTE FETCHED 
INTO 
THE BUFFER? 
NO. 
FETCH 
THE NEXT BYTE 
YES. 
DISABLE 
DMA REQUEST 
EXT 
INTO: 
PRIORITY 
0 
SET 
TRANSMIT 
BUFPER 
FULL 
ENABLE TRANSMISSION 
IGNORE 
PENDING 
EXT INTO 
(IF 
ANY) 
; 
RETURN. 
UPDATE STATUS 
IN 
THE 
; SIU 
INTERRUPT ROUTINE 


JB 
SETB 
CLR 
CLR 
RETI 


TBF,CTDIJl 
PL5 
TBF 
IEO 


; 
IS 
TRANSMIT BUFFER ALREADY EMPTY? 
YES, 
SET 
THE E BIT 
I 
NO. 
CLEAR TRANSMIT 
BUFFER 
IGNORE 
PENDING 
EXT INTO 
(IF 
ANY) 
I 
RETURN. 
UPATE 
STATUS 
IN 
THE 
; SIU 
INTERRUPT 
ROUTINE. 


JB 
SETB 
CLR 


RBE,CRDIJl 
PL5 
RBE 


IS 
RECEIVE 
BUFFER 
ALREADY EMPTY? 
YES. 
SET 
THE E BIT 
NO. 
CLEAR 
RECEIVE 
BUFFER 


; 
UPDATE 
STATUS 
WITH 
,RECEPTION-DISABLED 
EVENT 
, 
(STATUS~D5 
IF 
E-O) 


INTERRUPT 
THE 
80186 
WAIT TILL 
INTERRUPT 
IS 
ACKNOWLEDGED 
RETURN 


CLR 
CLR 
SETB 
JB 
RETI 


IEO 
PLO 
PLO 
PJ.2, 
$ 


inter 


SIINT: 
CLR 
SI 
MOV 
A,R2 
CJNE 
A, '03H, 
SINTJl 
JMP 
SIREC 
SINTJl: 
CJNE 
A, '02H,SINTJ2 
JMP 
SITDIS 
SINTJ2: 
JMP 
SITRA 


;** 
TRANSMISSION 
IS 
DISABLED 


SITDIS: 
JB 
RTS,SINTJ3 
JNB 
TBF,SINTJ3 


CLR 
PI. 
2 
SETB 
PI. 
3 
SETB 
PI. 
4 


CLR 
IEO 
CLR 
PI. 
0 
SETB 
PI. 
0 
JB 
P3.2,$ 
RETI 


;** 
A 
FRAME 
IS 
TRANSMITTED 


SITRA: 
JB 
RTS,SINTJ3 


CLR 
PI. 
2 
SETB 
PI. 
3 
SETB 
PI. 
4 


CLR 
IEO 
CLR 
PI. 
0 
SETB 
PI. 
0 
JD 
P3.2,$ 
RETI 


; ** 
A FRAME IS 
RECEIVED 


JB 
RBE,SINTJ3 
JNB 
BOV,SINTJ4 
SETB 
PI. 
5 
MOV 
RO,RFL 
MOV 
Rl,RBS 
CLR 
IEO 
SETB 
PXO 


MOV 
A,@Rl 
MOVX 
@DPTR,A 
SETB 
Pl.l 
INC 
Rl 
JB 
PJ.J,$ 
DJNZ 
RO,CINTJ7 
SJMP 
CINTJ8 


MOV 
A,@Rl 
MOVX 
@DPTR,A 
INC 
Rl 
JB 
PJ.J,$ 
DJNZ 
RO,CINTJ7 


MOV 
A,RFL 
MOVX 
@DPTR,A 
JB 
P3.3,$ 
MOV 
A,STAD 
MOVX 
@DPTR,A 
JB 
PJ. 
3, $ 
MOV 
A,Res 
MOVX 
@OPTR,A 
JB 
P3. J, $ 
CLR 
PI. 
1 
CLR 
PXO 


LOAD THE OPERATION 
FIELD 
RECEIVE 
COMMANDPENDING? 
YES. 
TRANSMIT-DISCONNECT 
PENDING? 
YES. 
TRANSMIT 
COMMANDIS 
PENDING 


REQUEST 
TO SEND ENABLED? 
YES. 
TRANSMISSION 
DISABLED? 
YES. 
; 
UPDATE 
STATUS 
WITH 
;TRANSMISSION-DISABLED 
EVENT 
(STATUS-D9H) 


, 
IGNORE 
PENDING 
EXT INTO 


INTERRUPT 
THE 
80186 
WAIT TILL 
INTERRUPT 
IS 
AClQIOWLEDGED 


, 
A FRAME TRANSMITTED? 
, 
YES. 
; 
UPDATE 
STATUS 
WITH 
;TRANSMIT-DONE 
EVENT 
; 
(STATUS-C9). 


RECEIVE 
BUFFER 
FULL? 
YES. 
BUFFER 
OVERRUN? 
YES. 
SET 
THE E BIT 
LOAD RO WITH RECEIVE 
BYTE COUNT 
LOAD Rl 
WITH RECEIVE 
BUFFER 
ADDRESS 
IGNORE 
PENDING 
EXT INTO 
(IF 
ANY) 
EXT INTO: 
PRIORITY 
1 


MOVE FIRST 
BYTE INTO 
ACC. 
WRITE 
TO THE COMMAND/DATA REG 
ENABLE 
DHA REQUEST 
INC 
POINTER 
TO RECEIVE 
BUFFER 
WAIT 
FOR DHA ACK. 


LAST 
BYTE 
MOVED? 
YES 


LOAD RECEIVED 
DATA INTO 
Ace. 


WRITE 
TO THE COMMAND/DATA REG. 
IMe 
POINTER 
TO 
RECEIVE 
BUFFER 
WAIT TI LL DHA ACK 
LAST 
BYTE MOVED TO COMMAND/DATA REG? 


NO. 
DEPOSIT 
THE NEXT BYTE 
LOAD 
BYTE 
COUNT 
WRITE 
TO THE COMMAND/DATA REG 
WAIT 
FOR DHA ACK. 
LOAD STATION 
ADDRESS 
WRITE 
TO THE COMMAND/DATA REG 
WAIT 
FOR DHA ACK. 
LOAD RECEIVE 
CONTROL BYTE 
WRITE 
TO THE COMMAND/DATA REG 
WAIT 
FOR DHA ACK. 
CLEAR 
DHA REQUEST 
EXTERNAL 
INTERRUPT: 
PRIORITY 
0 


CLR 
CLR 
SETS 
CLR 
CLR 
SETS 
JS 
RETI 


SINTJ3, 
NOP 
RETI 


Pl. 2 
Pl.3 
Pl.4 
IEO 
PLO 
PLO 
P3. 2, $ 


, 
UPDATE STATUS WITH 
,RECEIVE-DONE 
EVENT 
(STATUS-D1H 
IF 
E-O) 
IGNORE PENDING EXT INTO 


inter 


8086/80186 
SOFTWARE PACKAGES 


8086/80186 
Software Development 


Package 


• 
Macro Assembler with Complete 
System Development 
Capability for 


8086/80186 
Designs 


• 
Complete Set of Utilities for Object 
Module Management and Program 
Linkage 


FORTRAN 8086/80186 Software Package 


• 
Features High-Level Language Support 
for Floating-Point 
Calculation, 


Transcendentals, 
Interrupt 
Procedures, 


and Run-Time Exception Handling 


• 
Meets ANSI FORTRAN 77 Subset 
Language Specifications 


• 
Supports Complex Data Types 


PASCAL 8086/80186 
Software Package 


• 
Object Compatible and Linkable with 
PLIM 8086, ASM 8086 and FORTRAN 86 


• 
Supports Large Array Operation 


PLIM 8086/80186 
Software Package 


• 
Advanced Structured 
System 


Implementation 
Language for Algorithm 


Development 


• 
Easy-to-Learn Block-Structured 
Language Encourages Program 
Modularity 


IC-86 Complier for the 8086/80186 


• 
Implements Full ANSI Standard C 
Language 


• 
Produces High Density Code Rivaling 
Assembler 


E ••••••••- 
Al!DIT 


L.ri<axIo-- 
•••• 


"--- 
••• 


Figure 1. Program modules complied with any of the 8086 languages may 
be linked together. Each language Is compatible with Intel's debug tools. 


This Is an example of development 
under DOS. 


• 
Complete 
System 
Development 


Capability 
for High-Performance 
8086 
Applications 


• 
Macro Assembler 
for Machine-Level 


Programming 


• 
System 
Utilities for Program 
Linkage 


and Relocation 


• 
Package 
Supports 
Program 
Development 
with PLM-86, 
Pascal-86, 


FORTAN 
86, & iC 86 


• 
Available 
on a Choice 
of Hosts 


The 8086 Software Development package contains a macro assembler, a program linker (for linking separate- 
ly compiled modules together, a system locator, library manager, an object to hex code converter, and a 
conversion utility to create DOS executable files. 


All the utilities in the Software Development Package run on the Intel Microcomputer Development Systems 
(Series III/Series IV) as weil as the IBM PC XT/AT DEC VAXt Minicomputer under the VMSt Operating 
System, and Intel systems 86/3XX under iRMX™86, and Intel System 286/3XX under iRMX™286. 


inter 


• 
Produces 
Relocatable 
Object 
Code 


Which is Linkable 
to All Other Intel 


86/186 
Object 
Modules, 
Generated 
by 


Intel 8086 Compilers 


• 
Powerful 
and Flexible Text Macro 


Facility with Three 
Macro 
Listings 


Options 
to Aid Debugging 


• 
Highly Mnemonic 
and Compact 


Language, 
Most Mnemonics 
Represent 


Several 
Distinct 
Machine 
Instructions 


• 
"Strongly 
Typed' 
Assembler 
Helps 


Detect 
Errors at Assembly 
Time 


• 
High-Level 
Data Structuring 
Facilities 


Such as "STRUCTURES" 
and 
"RECORDS" 


• 
Over 120 Detailed 
and Fully 


Documented 
Error Messages 


ASM·86 
is the "high·leve'" 
macro assembler 
for the 86/186 
assembly 
language. 
ASM·86 
translates 
symbolic 
86/186 
assembly 
language 
mnemonics 
into 86/186 
relocatable 
object code. 


ASM·86 
should be used where maximum 
code efficiency 
and hardware 
control 
is needed. 
The 86/186 
assem· 
bly language 
includes 
approximately 
100 instruction 
mnemonics. 
From these few mnemonics 
the assembler 
can generate 
over 3,800 distinct 
machine 
instructions. 
Therefore, 
the software 
development 
task is simplified, 


as the programmer 
need know only 100 mnemonics 
to generate 
all possible 
86/186 
machine 
instructions. 


ASM-86 
will generate 
the shortest 
machine 
instruction 
possible 
given no forward 
referencing 
or given explicit 


information 
as to the characteristics 
of forward 
referenced 
symbols. 


ASM·86 
offers 
many features 
normally 
found only in high·levellanguages. 
The 86/186 
assembly 
language 
is 
strongly 
typed. The assembler 
performs 
extensive 
checks on the usage of variables 
and labels. The assembler 
uses the attributes 
which 
are derived 
explicitly 
when a variable 
or label is first defined, 
then makes sure that 
each use of the symbol 
in later instructions 
conforms 
to the usage defined 
for that symbol. 
This means 
that 
many programming 
errors will be detected 
when the program 
is assembled, 
long before 
it is being debugged 
on hardware. 


• 
Automatic 
Combination 
of 8086 


Programs 
Separately 
Translated 
Using 


Intel Compliers 
or Assemblers 
Into 


Relocatable 
Object 
Module 


• 
Automatic 
Selection 
of Required 


Modules 
from Specified 
Libraries 
to 


satisfy 
Symbolic 
References 


• 
Extensive 
Debug Symbol 
Manipulation, 


allowing 
Line Numbers, 
Local Symbols, 
and Public Symbols 
to be Purged and 


Listed selectively 


• 
Automatic 
Generation 
of a Summary 


Map Giving Results of the L1NK·86 
Process 


• 
Abbreviated 
Control 
Syntax 


• 
Relocatable 
Modules 
May Be Merged 


into a Single Module 
Suitable 
for 


Inclusion 
in a Library 


• 
Supports 
"Incremental" 
Linking 


• 
Supports 
Type Checking 
of Public and 


External 
Symbols 


L1NK-B6 combines 
object 
modules 
specified 
in the L1NK-B6 input list into a single 
output 
module. 
L1NK-B6 
combines 
segments 
from the input modules 
according 
to the order in which the modules 
are listed. 


L1NK-B6 will accept 
libraries 
and object 
modules 
built from any Intel translator 
generating 
BOB6 Relocatable 
Object 
Modules. 


Support 
for incremental 
linking 
is provided 
since an output 
module 
produced 
by L1NK-B6 can be an input to 
another 
link. At each stage in the incremental 
linking process, 
unneeded 
public symbols 
may be purged. 


L1NK-B6 supports 
type checking 
of PUBLIC and EXTERNAL 
symbols 
reporting 
a warning 
if their types are not 
consistant. 


L1NK-B6 will link any valid set of input modules 
without 
any controls. 
However, 
controls 
are available 
to control 
the output 
of diagnostic 
information 
in the L1NK-B6 process 
and to control 
the content 
of the output 
module. 


L1NK-B6 allows the user to create a large program 
as the combination 
of several smaller, 
separately 
compiled 
modules. 
After 
development 
and debugging 
of these 
component 
modules 
the user can link them together, 
locate 
them using LOC-B6 and enter final testing 
with much of the work accomplished. 


• 
Automatic 
Generation 
of a Summary 


Map Giving Starting 
Address, 
Segment 


Addresses 
and Length, and Debug 


Symbols 
and Their Addresses 


• 
Abbreviated 
Control 
Syntax 


• 
Segments 
May be Relocated 
to Best 


Match Users Memory 
Configuration 


• 
Extensive 
Debug Symbol 
Manipulation 


Allowing 
Line Numbers, 
Local Symbols, 


and Public Symbols 
to be Purged and 


Listed Selectively 


Relocatability 
allows 
the programmer 
to code programs 
or sections 
of programs 
without 
having to know the 
final arrangement 
of the object 
code in memory. 


LOC-86 converts 
relative 
addresses 
in an input module 
in 86/186 
object 
module 
format 
to absolute 
address- 
es. LOC-86 orders 
the segments 
in the input module 
and assigns 
absolute 
addresses 
to the segments. 
The 
sequence 
in which the segments 
in the input module 
are assigned 
absolute 
addresses 
is determined 
by their 
order in the input module 
and the controls 
supplied 
with the command. 


LOC-86 will relocate 
any valid input module without any controls. 
However, 
controls 
are available 
to control 
the 
output 
of diagnostic 
information 
in the LOC-86 process, 
to control 
the content 
of the output 
module, 
or both. 


The program 
you are developing 
will almost 
certainly 
use some mix of random 
access 
memory 
(RAM), read- 


only memory 
(ROM), 
and/or 
programmable 
read-only 
memory 
(PROM). 
Therefore, 
the location 
of your pro- 
gram affects 
both cost and performance 
in your application. 
The relocation 
feature 
allows you to develop 
your 
program 
and then simply relocate 
the object 
code to suit your application. 


inter 


• 
L1B-86 is a Library 
Manager 
Program 


which Allows You to: 
- 
Create 
Specifically 
Formatted 
Files 


to Contain 
Libraries 
of Object 
Modules 
- 
Maintain 
These 
Libraries 
by Adding 
or Deleting 
Modules 
- 
Print a Listing of the Modules 
and 


Public Symbols 
in a Library 
File 


• 
Libraries 
Can be Used as Input to 


L1NK-86 which Will Automatically 
Link 


Modules 
from the Library that Satisfy 


External 
References 
in the Modules 


Being Linked 


• 
Abbreviated 
Control 
Syntax 


Libraries 
aid in the job of building 
programs. 
The library manager 
program 
L1B-86 creates 
and maintains 
files 
containing 
object 
modules. 
The operation 
of L1B-86 is controlled 
by commands 
to indicate 
which 
operation 
L1B-86 is to perform. 
The commands 
are: 


CREATE: 
ADD: 
DELETE: 
LIST: 
EXIT: 


creates 
an empty 
library file 
adds object 
modules 
to a library file 
deletes 
modules 
from a library file 


lists the module 
directory 
of library files 


terminates 
the L1B-86 program 
and returns control 
to VMS 


When 
using object 
libraries, 
the linker will call only those 
object 
modules 
that are required 
to satisfy 
external 
references, 
thus saving memory 
space. 


• 
Converts 
an 86/186 
Absolute 
Object 
Module to Symbolic 
Hexadecimal 
Format 


• 
Facilitates 
Preparing 
a File for Loading 


by Symbolic 
Hexadecimal 
Loader 
(e.g. 


iSBCTM Monitor 
SDK-86 
Loader), 
or 
Universal 
PROM Mapper 


• 
Converts 
an Absolute 
Module 
to a More 


Readable 
Format 
that can be Displayed 


on a CRT or Printed for Debugging 


The OH-86 utility converts 
an 86/186 
absolute 
object module to the hexadecimal 
format. This conversion 
may 
be necessary 
for later loading 
by a hexadecimal 
loader 
such 
as the iSBC 86/12 
monitor 
or the 
Universal 
PROM 
Mapper. 
The conversion 
may also be made to put the module 
in a more readable 
format 
that can be 
displayed 
or printed. 


inter 


Documentation 
Package 


ASM-86 
Assembly 
Language 
Reference 
Manual 


8086/87/88 
Macro Assembler 
Operating 
Instructions 


iAPX 86 Family Utilities 
User's Guide 


Support Available 


Software 
Updates, 
Subscription 
Service, 
Hotline 
Support 


Order Code 


D86ASM86 


WSASM86 


MWSASM86 


R86ASM86 


R286ASM286 


Operating 
Environment 


IBM PC XT/AT 
running 
PC DOS Version 
3.0 or later 


VAXtlVMSt 


MICROVAXtlVMSt 


Intel 86/3XX 
Systems 
running: 
iRMXTM 86 


Intel 286/3XX 
Systems 
running: 
iRMXTM 286 


tMICROVAX, 
VAX, VMS are trademarks 
of Digital 
Equipment 
Corporation. 


·IBM, 
AT are registered 
trademarks 
of International 
Business 
Machines 
Corporation. 


22-368 


FORTRAN 8086/80186 
SOFTWARE 
PACKAGE 


• Features 
High-Level 
Language 
Support 
• Offers 
Upward 
Compatibility 
with 
for Floating-Point 
Calculations, 
FORTRAN 
80 


Transcendentals, 
Interrupt 
Procedures, 
• Provides 
FORTRAN 
Run-Time 
Support 
and Run-Time 
Exception 
Handling 
for 86/186 Based Design 
• Meets ANSI FORTRAN 
77 Subset 
• Provides 
Users Ability to do Formatted 
Language 
Specifications 
and Unformatted 
I/O with Sequential 
or 
• Supports 
8086/20, 8088/20 Numeric 
Direct Access 
Methods 


Data Processor 
for Fast and Efficient 
• 121CETMSymbolic 
Debugging 
Fully 
Execution 
of Numeric 
Instructions 
Supported 
• Uses REALMATH 
Floating-Point 
• PSCOPE Source 
Level Debugging 
Fully 
Standard 
for Consistent 
and Reliable 
Supported 
Results 


Supports 
Arrays 
Larger Than 64K 
• Supports 
Complex 
Data Types 
• 
Unlimited 
User Program 
Symbols 
• Choice 
of Industry 
Standard 
Hosts 
• 


FORTRAN 
86/186 
meets the ANSI FORTRAN 
77 Language 
Subset Specification 
and includes 
many features 
of the full standard. 
Therefore, 
the user is assured of portability 
of most existing ANS FORTRAN 
programs 
and 
of full portability 
from other computer 
systems 
with an ANS FORTRAN 
77 Compiler. 


FORTRAN 
86/186 
is available 
to run on the Intel Microcomputer 
Development 
Systems 
(Series III/Series 
IV) 
as well as the IBM PC XT/AT 
running 
PC DOS Version 
3.0 or later, Digital Equipment 
VAXtlVMSt 
and Intel 
System 
86/3XX 
running 
iRMXTM 86 operating 
system. 


FORTRAN 
86/186 
is one of a complete 
family of compatible 
programming 
languages 
for 8086, 8088, 80186, 
80188 development: 
PL/M, 
Pascal, FORTRAN, 
C, and Assembler. 
Therefore, 
users may choose 
the language 
best suited for a specific 
problem 
solution. 


tVAX, 
VMS are trademarks 
of Digital 
Equipment 
Corporation. 


-IBM, 
AT are registered 
trademarks 
of International 
Business 
Machines 
Corporation. 


Extensive High-Level Language 
Numeric Processing Support 


Single (32-bit), double 
(64-bit), and double 
extended 


precision 
(80-bit) 
complex 
(two 32-bit), 
and double 


complex 
(two 64-bit) floating-point 
data types 


REALMATH 
Proposed 
IEEE 
Floating-Point 
Stan- 
dard) for consistent 
and reliable 
results 


Full support 
for all other data types: integer, 
logical, 


character 


Ability to use hardware 
(8086/20, 
8088120 
Numeric 


Data 
Processor) 
or 
software 
(simulator) 
floating- 


point support 
chosen 
at link time 


Intel® Microprocessor 
Support 


FORTRAN 
86/186 
language 
features 
support 
of 


8086/20, 
8088/20 
Numeric 
Data Processor 


Compiler 
generates 
in-line 
iAPX 8086/20, 
8088/20 


Numeric 
Data 
Processor 
object 
code 
for 
floating- 


point arithmetic 
(See Figure 2) 


Intrinsics 
allow user to control 
iAPX 8086/20, 
80881 


20 Numeric 
Data processor 


8086,8088,80186,80188 
architectural 
advantages 


used for indexing 
and Character-string 
handling 


Symbolic 
debugging 
of application 
using ICE emula- 


tors 


FLOATING-POI 
NT-STATEMENTI 


TEMPER = 
(PRESS 
- 
VOLUM / 
QUEK) 
- 
3.45 
/ 
(PRESS 
- 
VOLUM / 
QUEK 
& - (PRESS 
- 
VOLUM / 
QUEK) 
• 
(PRESS 
- 
VOLUM / 
QUEK) 


OBJECTCODEGENERATED 


Intel 
FORTRAN 8086 
Compiler 


8086/20, 8088120 


I 


ASSEMBLERMNEMONICS 
MACHINE-CODE 
STATEMENT 
'" 
2 
0013 
9BD9060COO 
FLD 
VOLUM 


0018 
9BD8360000 
FDIV 
QUEK 


OOID 
9BD82E0800 
FSUBR 
PRESS 


0022 
9BDDDI 
FST 
TOS+IH 


0025 
9B2ED83EOOOO 
FDIVR 
CS:@CONST 


002B 
9BD9C9 
FXCHG 
TOS+IH 


002E 
9BDDD2 
FST 
TOS+2H 


0031 
9BDEE9 
FSUBRP 


0034 
9BD9Cl 
FLD 
TOS+IH 


0037 
9BDBCB 
FMUL 
TOS 


003A 
9BDDC2 
FFREE 
TOS+2H 


003D 
9BDEEI 
FSUBP 


0040 
9BD91E0400 
FSTP 
TEMPER 


0045 
9B 
WAIT 


Figure 2. Object code generated by FORTRAN 86/186 for a floating-point 


calculation using 8086/20, 8088/20 Numeric Processor. 


inter 


Microprocessor 
Application 
Support 


- 
Direct byte- or word-oriented port I/O 


- 
Reentrant procedures 
- 
Interrupt procedures 


FORTRAN 86/186 provides a means of developing 
application software for the Intel 86/186 products 
lines in a familiar, widely accepted, and industry- 
standard 
programming 
language. 
FORTRAN 


86/186 will greatly enhance the user's ability to pro· 
vide cost-effective software development for Intel 
microprocessors as illustrated by the following: 


Early Project Completion 


FORTRAN is an industry-standard, high-level nu- 
merics processing language. FORTRAN program- 
mers can use FORTRAN 86/186 on microprocessor 
projects with little retraining. Existing FORTRAN 
software can be compiled with FORTRAN 86/186 
and programs developed in FORTRAN 86/186 can 
run on other computers with ANSI FORTRAN 77 
with little or no change. Libraries of mathematical 
programs using ANSI 77 standards may be compiled 
with FORTRAN 86/186. 


Application 
Object Code Portability for 


a Processor 
Family 


FORTRAN 86/186 modules "talk" to the resident 
Intellec development operating system using Intel's 
standard interface for all development-system soft- 
ware. This allows an application developed under 
the ISIS·II operating system to execute on iRMX/86, 
or a user-supplied operating system by linking in the 
iRMX/86 or other appropriate interface library. A 
standard logical-record interface enables communi- 
cation with non-standard I/O devices. 


Comprehensive, 
Reliable and Efficient 


Numeric Processing 


The unique combination of FORTRAN 8086/8088, 
8086/20, 
8088/20 
Numeric Data processor, and 


REALMATH (Proposed IEEE Floating-Point Stan- 
dard) provide universal consistency in results of nu- 
meric computations and efficient object code gener- 
ation. 


Documentation 
Package 


FORTRAN 
86/88/186/188 
User's 
Guide 


ORDERING 
INFORMATION 


Order Code 
OperatingEnvironment 


D86FOR86 
IBM PC XT/ AT running PC DOS 
Version 3.0 or later 


R86FOR86 
Intel 
System 
86/3XX 
running 


iRMX 86 
VVSFOR86 
For 86 VAXIVMS 4.3 and later 


Software 
updates, Subscription Service, 
Hotline 


Support. 


inter 


PASCAL 86/186 
SOFTWARE 
PACKAGE 


• Choice 
of Industry 
Standard 
Hosts 
• Unlimited 
User Program 
Symbols 
• Object 
Compatible 
and Linkable 
with 
• Supports 
8086/20, 
8088/20 
Numeric 
PL/M 
86/186, 
ASM 86/186, 
iC86/186 
Data Processors 


and FORTRAN 
86/186 
• Strict Implementation 
of ISO Standard 
• 121CETMSymbolic 
Debugging 
Fully 
Pascal 


Supported 
• Useful Extensions 
Essential 
for 
• PSCOPE Source 
Level Dubugging 
Fully 
Microcomputer 
Applications 
Supported 
• Separate 
Compilation 
with Type- 
• Implements 
REALMATH 
for Consistent 
Checking 
Enforced 
Between 
Pascal 
and Reliable 
Results 
Modules 


• Supports 
Large Array Operation 
• Compiler 
Option to Support 
Full Run- 


Time Range-Checking 


PASCAL 86/186 conforms to and implements ttie ISO PASCAL standard. The language is enhanced to 
support microcomputer applications with special features, such as separate compilation, interrupt handling 
and direct port I/O. To assist the development of portable software, the compiler can be directed to flag all 
non-standard features. 


The PASCAL 86/186 compiler runs on Series III and Series IV Microcomputer Development Systems, as well 
as the IBM' XT/AP 
running PC DOS Version 3.0 or later, Digital Equipment VAXIVMSt, 
and Intel System 
8086/3XX running iRMXTM86. 


, 


A well-defined I/O interface is provided for run-time support. This allows a user-written operating system to 
support application programs as an alternate to the development system environment. Program modules 
compiled under PASCAL 86/186 
are compatible and linkable with modules written in PL/M 86/186, 
ASM 86/186, C86/186 or FORTRAN 86/186. With a complete family of compatible programming languages 
for the 86/186 one can implement each module in the language most appropriate to the task at hand. 


PASCAL86/186 object modules contain symbol and type information for program debugging using ICE emula- 
tors and PSCOPEsource language debugger. For final production version, the compiler can remove this extra 
inf')rmation and code. 


inter 


Includes all the language features of Jensen & Wirth 
Pascal as defined in the ISO Pascal Standard. 


Supports required extensions for microcomputer ap- 
plications. 


- 
Interrupt handling 
- 
Direct port I/O 


Separate compilation extensions allow: 
- 
Modular decomposition of large programs 


- 
Linkage with other Pascal modules as well as 
PL/M 86/186, ASM 86/186, C86/186 and FOR- 
TRAN 86/186 
- 
Enforcement of type-checking at LINK-time 


Supports numerous compiler options to control the 
compilation process, to INCLUDE files, flag non- 
standard Pascal statements and others to control 
program listing and object modules. 


Utilizes the IEEE standard for Floating-Point Arith- 
metic (the Intel REALMATH standard) for arithmetic 
operations. 


Well-defined and documented run-time operating 
s~ste!" interfaces allow the user to execute the ap- 
plications under user-designed operations systems. 


Predefined type extensions allow: 


- 
Create precision in read, integer, and unsigned 
calculations. 
- 
Means to check 8087 errors 


- 
Circumvention of rigid type checking on calls to 
non-Pascal routines 


Pr~vides a standard Pascal for 86/186 based appli- 
cations. 
- 
Pascal has gained wide acceptance as a porta- 
ble application language for microcomputer ap- 
plications 
- 
It is being taught in many colleges and universi- 
ties around the world 
- 
It is easy to learn, originally intended as a vehicle 
for teaching computer programming 


- 
Improves maintainability: Type mechanism is 
both strictly enforced and user extendable 


- 
Few machine specific language constructs 


Strict implementation of the proposed ISO standard 
for Pascal aids portability of application programs. A 
compile time option checks conformance to the 
standard making it easy to write conforming pro- 
grams. 


PASCAL 86/186 extensions via predefined proce- 
dures for interrupt handling and direct port I/O make 
it possible to code an entire application in Pascal 
without compromising portability. 


Standard Intel REALMATH is easy to use and pro- 
vides reliable results, consistent with other Intel lan- 
guages and other implementations of the IEEE pro- 
posed Floating-Point standard. 


Provides run-time support for co-processors. All 
real-type arithmetic is performed on the 86/20 nu- 
meric data processor unit or software emulator. Run- 
time library routines, common between Pascal and 
other Intel languages (such as FORTRAN), permit 
efficient and consistently accurate results. 


Extended relocation and linkage support allows the 
user to link Pascal program modules with routines 
written in other languages for certain parts of the 
program. For example, real-time or hardware depen- 
dent routines written in ASM 86/186 
or PLIM 


86/186 can be linked to Pascal routines, further ex- 
tending the user's ability to write structured and 
modular programs. 


PASCAL 86/186 programs "talk" to the resident op- 
erating system using Intel's standard interface for 
translated programs. This allows users to replace 
the development operating system by their own op- 
erating systems in the final application. 


PASCAL 8086/8088 takes full advantage of 86/186 
high level language architecture to generate efficient 
machine code. 


<?o!"pileroption.scan be used to control the program 
listings and Object modules. While debugging, the 
user may generate additional information such as 
the symbol record information required and useful 
for debugging using PSCOPEor ICE emulation. After 
debugging, the production version may be stream- 
lined by removing this additional information. 


Ordering Code 
D86PAS86 
R86PAS86 
VVSPAS86 
MVVPAS86 


Operating 
Environment 
IBM PC XT/AT running PC DOS Version 3.0 or later 
Intel System 86/3XX running iRMXTM86 
VAXIVMS 
MICROVAXIVMS 


Documentation 
Package 


PASCAL 86 User's 
Guide 
Hotline Telephone Support, Software Performance 
Report (SPR), Software Updates, Technical Re- 
ports, and Monthly Technical Newsletters are avail- 
able. 


• 
Improved 
Compiler 
Performance 
Now 


Supports 
More User Symbols 
and 


Faster Compilation 
Speeds 


• 
Produces 
Relocatable 
Object 
Code 


Which Is Linkable 
to All Other 8086 


Object 
Modules 


• 
Code Optimization 
Assures 
Efficient 


Code Generation 
and Minimum 


Application 
Memory 
Utilization 


• 
Built-In Syntax 
Checker 
Doubles 


Performance 
for Compiling 
Programs 


Containing 
Errors 


• 
Resident 
on Choice 
of Hosts 


• 
121CESymbolic 
Debugging 
Fully 


Supported 


• 
PSCOPE Source 
Level Debugging 
Fully 


Supported 


PLIM 
86/186 
is an advanced, 
structured, 
high-level 
systems 
programming 
language. 
The PLIM 
86/186 
com- 
piler was 
created 
specifically 
for performing 
software 
development 
for the 
Intel 86/186 
Microprocessors. 
PL/M 
was designed 
so that 
program 
statements 
naturally 
express 
the 
program 
algorithm. 
This frees 
the 
programmer 
to concentrate 
on the logic of the program 
without 
concern 
for burdensome 
details of machine 
or 
assembly 
language 
programming 
(such as register 
allocation, 
meanings 
of assembler 
mnemonics, 
etc.). 


The PLIM 
86/186 
compiler 
efficiently 
converts 
free-form 
PL/M 
language 
statements 
into machine 
instruc- 
tions. Substantially 
fewer PL/M 
statements 
are necessary 
for a given application 
than if it were programmed 
at 
the assembly 
language 
or machine 
code level. 


The use of PLIM 
high-level 
language for system programming, 
instead of assembly 
language, 
results in a high 
degree 
of engineering 
productivity 
during 
project 
development. 
This translates 
into significant 
reductions 
in 
initial software 
development 
and follow-up 
maintenance 
costs for the user. 


PL/M 
8086 is available 
to run on the Intellec@ Microcomputer 
Development 
Systems 
(Series 
III/Series 
IV) as 
well as the IBM PC XT/AT, 
DEC VAXtlVMSt, 
and Intel System 
8086/3XX 
running 
iRMXTM 86. 


• 
Systems 
Programming 
Language 
for 


the 86/186 
Processors 


• 
Language 
is Upward 
Compatible 
from 


PL/M 
80, Assuring 
MCS®-80/85 
Design 


Portability 


• 
Advanced 
Structured 
System 


Implementation 
Language 
for Algorithm 


Development 


• 
Supports 
16-Bit Signed 
Integer 
and 32- 


Bit Floating 
Point Arithmetic 
in 


Accordance 
with IEEE Proposed 


Standard 


• 
Easy-to-Learn 
Block-Structured 


Language 
Encourages 
Program 


Modularity 


Major features of the Intel PLIM 8086 compiler and 
programming language include: 


PL/M source code is developed in a series of mod- 
ules, procedures, and blocks. Encouraging program 
modularity 'in this manner makes programs more 
readable, and easier to maintain and debug. The 
language becomes more flexible, by clearly defining 
the scope of user variables (local to a private proce- 
dure). 


The use of procedures to break down a large 
problem 
is 
paramount 
to 
productive 
software 


development. The PL/M 8086 implementation of a 
block structure allows the use of REENTRANT (re- 
cursive) procedures, which are especially useful in 
system design. 


Language Compatibility 


PLIM 8086 object modules are compatible with ob- 
ject modules generated by all other 8086 transla- 
tors. This means that PL/M programs may be linked 
to programs written in any other 8086 language. 


Object modules are compatible with In-Circuit Emu- 
lators; DEBUG compiler control provides the In-Cir- 
cuit Emulators with symbolic debugging capabilities. 


PLIM 8086 Language is upward compatible with 
PLIM 80, so that application programs may be easily 
ported to run on the 8086. 


PLIM makes use of seven data types for various 
applications. These data types range from one to 
four bytes, and facilitate various arithmetic, logic, 
and addressing functions: 
- 
Byte: 8-bit unsigned number 


- 
Word: 16-bit unsigned number 


- 
DWORD: 32-bit unsigned number 


- 
Integer: 16-bit signed number 


- 
Read: 32-bit floating point number 
- 
Pointer: 16-bit or 32-bit memory address 
indicator 


- 
Selector: 16-bit base portion of a pointer 


Another powerful facility allows the use of BASED 
variables that map more than one variable to the 
same memory location. This is especially useful for 
passing parameters, relative and absolute address- 
ing, and memory allocation. 


Two Data Structuring 
Facilities 


In addition to the five data types and based vari- 
ables, PLIM supports two data structuring facilities. 
These help the user to organize data into logical 
groups. 
- 
Array: Indexed list of same type of data elements 


- 
Structure: Named collection of same or different 
type data elements 
- 
Combinations of Each: Arrays of structures or 
structures of arrays 


8087 Numerics Support 


PL/M programs that use 32-bit REAL data may be 
executed using the Numeric Data Processor for im- 
proved performance. All floating-point operations 
supported 
by 
PLIM 
may be executed 
on 
the 


8086/20 or 8088/20 NDP, or the 8087 Emulator (a 
software module) provided with the package. Deter- 
mination of use of the chip or Emulator takes place 
at linktime, allowing compilations to be run-time in- 
dependent. 


Built-In String Handling Facilities 


The PLIM 8086 language contains built-in functions 
for string manipulation. These byte and word func- 
tions perform the following operations on character 
strings: MOVE, COMPARE, TRANSLATE, SEARCH, 
SKIP, and SET. 


Interrupt 
Handling 


PLIM has the facility for handling interrupts. A pro- 
cedure may be defined with the INTERRUPT attri- 
bute, and the compiler willi automatically initialize an 
interrupt vector at the appropriate memory location. 
The compiler will also generate code to save and 
restore the processor status, for execution of the 
user-defined interrupt handler routine. The proce- 
dure SET$INTERRUPT, the function retuning an IN- 
TERRUPT$PTR, and the PLIM 
statement CAU- 


SE$INTERRUPT all add flexibility to user programs 
involving interrupt and handling. 


M:OO; r Beginning of module"' 


SORTPROC: PROCEDURE IPTR, COUNT, RECSIZE, KEYINOEX)~ 


DECLARE PTR POINTER, (COUNT, RECS1ZE,KEYINDEX) INTEGER, 


r Parameters: 


PTR ISpOinter to first record. 
COUNT is number of records to be sorted. 
AECSIZE is number of bytes in each record-max 
IS 128. 


KEYINDEX ISbyte poSition within each record of a BYTE scalar 


to be used as sort key. -, 


DECLARE RECORDBASED PTR (1) BYTE, 


URRENT (128) BYTE, 


(I, J) INTEGER; 


00 J=1 TO COUNT·': 


CALL MOVB(@RECORDIJ'RECSIZE), 
I=J: 
00 WHILE 1>0 
AND RECORO((I-t}'RECSIZE.KEYINOEX) 
>CURRENT(KEYINDEX): 


CALL MOVB(@RECORD((I-l)'RECSIZE), 
@RECORD(I'RECSIZE), 
1=1-1; 
RECSIZE): 


END FIND: 


END s8~i;L 
MOVB (@CURRENT,@RECORD(I'RECSIZE), RECSIZE), 


Including several that have been mentioned, the 
PLIM 8086 compiler offers more than 25 controls 
that facilitate such features as: 
Conditional compilation 
Including additional PL/M source files from disk 
Corresponding assembly language code in the 
listing file 


Setting overflow conditions for run-time handling 


Segmentation Control 


The PL/M 8086 compiler takes full advantage of 
program addressing with the SMALL, COMPACT, 
MEDIUM, and LARGE segmentation controls, Pro- 
grams with less than 64 KB total code space can 
exploit 
the 
most 
efficient 
memory 
addressing 


schemes, which lowers total memory requirements, 
Larger programs can exploit the flexibility of extend- 
ed one-megabyte addressing, 


Code Optimization 


The PL/M 8086 compiler offers four levels of opti- 
":lization for significantly reducing overall program 
Size, 


Combination or "folding" 
of constant expres- 


sions; and short-circuit evaluation of Boolean ex- 
pressions 
"Strength reductions" (such as a shift left rather 
than multiply by 2); and elimination of common 
sub-expressions within the same block 
Machine code optimizations; elimination of su- 
perfluous branches; re-use of duplicate code; re- 
moval of unreachable code 
Byte comparisons (rather than 20-bit address 
calculations) for pointer variables; optimization of 
based-variable operations 


Error Checking 


The PL/M 8086 compiler has a very powerful fea- 
ture to speed up compilations, If a syntax or program 
error is detected, the compiler will skip the code 
generation and optimization passes, This usually 
yields a 2X performance increase for compilation of 
programs with errors, 


A fully detailed set of programming and compilation 
errors is provided by the compiler, 


"Based" Vanables allow manipulatIon of external data by 
pas~lng the base of the data structure (a polnterl_ This 
minImIZeS~heSTACK space used for parameter passinO, and 
the executIon time to perform many STACK operations 


Th,: "AT" operator returns the address of a 
~anabl~, JOste:adof its contents. This is very useful 
In passing pOInters 'or based variables. 


ENO SORTPROC; 


rEnd of module"' 


PLIM 8086 is designed to be an efficient, cost-effec- 
tive solution to the special requirements of 8086 Mi- 
crosystem Software Development, as illustrated by 
the following benefits of PL/M use: 


Cost-Effective 
Alternative 
to Assembly 
Language 


PL/M 8086 programs are code efficient. PLIM 8086 
combines all of the benefits of a high-level language 
(ease of use, high productivity) with the ability to ac- 
cess the 8086 architecture. Consequently, for the 
development of systems software, PL/M 8086 is the 
cost-effective alternative to assembly language pro- 
gramming. 


PL/M is easy to learn and to use, even for the nov- 
ice programmer. 


Critical projects are completed much earlier than 
otherwise possible because PLIM 8086, a struc- 
tured high-level language, increases programmer 
productivity. 


Increases in programmer productivity translate im- 
mediately into lower software development costs 
because fewer programming resources are required 
for a given programmed function. 


Increased 
Reliability 


PL/M 8086 is designed to aid in the development of 
reliable software (PL/M 8086 programs are simple 
statements of the program algorithm). This substan- 
tially reduces the risk of costly correction of errors in 
systems that have already reached full production 
status, as the more simply stated the program is, the 
more likely it is to perform its intended function. 


Easier Enhancements 
and 
Maintenance 


Programs written in PL/M tend to be self-document- 
ing, thus easier to read and understand. This means 
it is easier to enhance and maintain PL/M programs 
as the system capabilities expand and future prod- 
ucts are developed. 


Documentation 
Package 
PLlM-8086 User's Guide for 8086-based Develop- 
ment Systems 


Hotline Telephone Support, Software Performance 
Reporting (SPR), Software Updates, Technical Re- 
ports, Monthly Newsletter available. 


Order Code 
D86PLM86 
Operating 
Environment 
IBM PCXT/AT running PCDOS 
Version 3.0 or later 
Intel System 8086/3XX running 
iRMXTM86 
VAXIVMS 
MICROVAXIVMS 
WSPLM86 
MWSPLM86 
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iC·86/186 


C COMPILER FOR THE 8086 AND THE 80186 
• Implements 
Full C Language 
as Defined 
• Supports 
Small, Medium, 
Compact, 
and 
by the Draft ANSI Standard 
Large Models 
of Computation 
• Produces 
High Density 
Code Rivaling 
• Supports 
IEEE Floating 
Point Math with 
Assembler 
8087 Coprocessor 


• Supports 
Both Standard 
Intel (PL/M- 
• Supports 
I/O and Hardware 
Interrupts 
like) and Standard 
C Calling 
Directly 
In C 


Conventions 
• Supports 
Full Standard 
I/O 
Library 
• Allows 
Mixed Memory 
Mode/ 
(STDIO) 


Programming 
via Near and Far Pointers 
• Written 
In C 
• Available 
for DOS and VAX/VMS· 
• All Code and Libraries 
Are Fully 
Operating 
System 
Compatible 
• Designed 
to Work with Intel Debuggers 


such as 121CEand PSCOPE 


The C Programming 
Language 
was originally 
designed 
in 1972 and has become 
increasingly 
popular 
as a 
systems 
development 
language. 
C combines 
the flexibility 
and·programming 
speed of a higher level language 
with the efficiency 
and control 
of assembly 
language. 


Intel iC-S6 brings 
the full power 
of the C programming 
language 
to SOS6, SOSS, S01S6, and S01SS based 
microprocessor 
systems. 
iC-S6 has been developed 
specifically 
for embedded 
microprocessor-based 
applica- 
tions. 


Intel iC-S6 supports 
the full C language 
as described 
in the Kernighan 
and Ritchie book, "The C Programming 
Language", 
(Prentice-Hall, 
1975). iC-S6 implements 
the complete 
C language 
specification 
as defined 
in the 
ANSI X3J11 standard. 


iC-S6 is an outstanding 
microprocessor 
system 
implementation 
language 
because 
it provides: 


1. the ability to manipulate 
the fundamental 
objects 
of the machine 
(including 
machine 
addresses) 
as easily as 
assembly 
language. 


2. the power 
and speed 
of a structured 
language 
supporting 
a large number 
of data types, storage 
classes, 
expressions 
and statements, 


3. processor 
independence 
(most programs 
developed 
for other processors 
can be easily transported 
to the 
SOS6), and 


4. code that rivals assembly 
language 
in efficiency 


INTEL iC-86 COMPILER 
DESCRIPTION 


(# 
define). 
The 
parser 
phase 
converts 
the 
C pro- 


gram 
into 
an intermediate 
free 
form 
and 
does 
all 


syntactic 
and 
semantic 
error 
checking. 
The 
code 


generator 
phase converts 
the parser's 
output into an 


efficient 
intermediate 
binary 
code, 
performs 
con- 


stant folding, and features 
an extremely 
efficient 
reg- 


ister allocator, 
ensuring 
high quality code. The opti- 


mizer phase converts 
the output 
of the code gener- 


The 
iC-S6 compiler 
operates 
in four 
phases: 
pre- 


processor, 
parser, 
code 
generator, 
and 
optimizer. 
The 
preprocessor 
phase 
interprets 
directives 
in C 


source 
code, 
including 
conditional 
compilations 


ator into relocatable Intel Object Module Format 
(OMF) code, without creating an intermediate as- 
sembly file. Optionally, the iC-86 compiler can pro- 
duce a symbolic pseudo-assembly file. The iC-86 
optimizer eliminates common code, eliminates re- 
dundant loads and stores, and resolves span depen- 
dencies (shortens branches) within a program. 


The iC-86 runtime library consists of a number of 
functions which the C programmer can call. The run- 
time 
system 
includes 
the 
standard 
I/O 
library 


(STDIO), conversion routines, routines for manipu- 
lating strings, special routines to perform functions 
not available on the 8086 (32-bit arithmetic and em· 
ulated floating point), and (where appropriate) rou- 
tines for interfacing with the operating system. 


iC-86 uses Intel's linker and locator and generates 
debug records for symbols and lines on request, per- 
mitting access to Intel's PSCOPE AND 121CETMto 
aid in program testing. Intel's DOS L1NK86can also 
be used to create DOS executable .EXEfiles for pro- 
totyping. 


Memory Model Support 


iC-86 supports the SMALL, MEDIUM, COMPACT, 
and LARGE segmentation models. A SMALL Model 
Program can have up to 64K bytes of code space 
and 64K bytes of total data, memory, and stack 
space for all combined modules. SMALL model will 
generate the most efficient code and is the compiler 
default. A MEDIUM Model Program can have a sep- 
erate 64K segment for each module of code, while 
total data, memory, and stack must be less than 
64K. In the COMPACT model code, data, stack, and 
memory can each reside in a separate 64K seg- 
ment. The LARGE model is intended for programs 
needing up to 64K of code space and 64K of data 
space for each module. LARGE model also provides 
up to 64K of stack space and up to 64K of space for 
memory. Mixed model programming is supported 
with "near" and "far" calls. 


# define-defines 
a macro 


#include-includes 
code outside of the program 


source file 
#if-conditionally 
includes or excludes code 


Other 
preprocessor 
directives 
include 
# undef, 


#ifdef, #ifndef, #else, # endif, and #Une. 


The C language supports a variety of statements: 


Conditionals: IF, IF-ELSE 
Loops: WHILE, DO-WHILE, FOR 
Selection of cases: SWITCH, CASE, DEFAULT 
Exit from a function: RETURN 
Loop control: CONTINUE, BREAK 
Branching: GOTO 


The C language includes a rich set of expressions 
and operators. 
Primary expression: invoke functions, select ele- 
ments from arrays, and extract fields from structures 
or unions 
Arithmetic operators: add, subtract, multiply, divide, 
modulus 
Relational operators: greater than, greater than or 
equal, less than, less than or equal, not equal 
Unary operators: indirect through a pointer, compute 
an address, logical negation, ones complement, pro- 
vide the size in bytes of an operand. 
Logical operators: AND, OR 
Bitwise operators: AND, exclusive OR, inclusive OR, 
bitwise complement 


iC-86 provides two distinct calling conventions for 
handling the way parameters are passed on the 
stack. The variable 
parameter 
list (VPL) is the de- 


fault, and is consistent with most other C compilers. 
VPL pushes the last (rightmost) parameter first, and 
the first parameter is pushed last. The fixed parame- 
ter list (FPL) is the calling convention for most other 
Intel compilers, including PL/M. FPL pushes the first 
parameter first, and the last parameter last. By using 
the keyword "alien", the user can make direct PL/M 
calls. 
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Data Types and Storage Classes 


Data in C is described 
by its type and storage 
class. 


The type determines 
its representation 
and use, and 


the storage 
class determines 
its lifetime, 
scope, and 


storage 
allocation. 
The following 
data types are fully 


supported 
by iC-S6. 


char 


an S-bit signed integer 


Int 


a 16-bit signed 
integer 


short 


same as int (on the SOS6) 


long 


a 32-bit signed 
integer 


unsigned 


a modifier for integer data types (char, int, short, 
and long) which 
doubles 
the positive 
range of 


values 


float 


a 32-bit floating 
point number which 
utilizes the 


SOS7 or a software 
floating 
point library 


double 


a 64-bit floating 
point number 


bit-field 


maximum 
size is that of an int 


void 


a special type that cannot 
be used as an opera- 


tor; normally 
used for functions 
called 
only for 


effect 
(to prevent 
their use in contexts 
where 
a 


value is required). 


enurn 


an enumerated 
data type 


These 
fundamental 
data types 
may be used to 


create 
other 
data types 
including: 
arrays, 
func- 


tions, structures, 
pointers, 
and unions. 


register 


suggests 
that 
a variable 
be kept in a machine 


register, 
often 
enhancing 
code 
density 
and 


speed 


extern 


a variable 
defined 
outside 
of the function 
where 


it is declared; 
retaining 
its value throughout 
the 


entire program 
and accessible 
to other modules 


auto 


a local variable, 
created 
when a block of code is 


entered 
and discarded 
when the block is exited 


static 


a local 
variable 
that 
retains 
its value 
until 
the 


termination 
of the entire program 


typedef 


defines a new data type name from existing data 
types 


Faster Compilation 


Intel iC-S6 compiles 
C programs 
substantially 
faster 


than standard 
C compilers 
because 
it produces 
Intel 


OMF code 
directly, 
eliminating 
the traditional 
inter- 


mediate 
process 
of generating 
an assembly 
file. 


Portability 
of Code 


Because 
Intel 
iC-S6 supports 
the 
STDIO 
and 
pro- 


duces 
Intel 
OMF 
code, 
programs 
developed 
on a 


variety of machines 
can easily be transported 
to the 


SOS6. 


Rapid Program Development 


Intel iC-S6 provides 
the programmer 
with detailed 
er- 


ror messages 
and access 
to PSCOPE-S6 
and 121CE 


to speed 
program 
development. 
A complete 
listing 


file can also be produced. 


Full Manipulation 
of the 
8086 and 80186 


Intel 
iC-S6 enables 
the 
programmer 
to utilize 
fea- 


tures of the C language 
to control 
bit fields, pointers, 


addresses 
and register 
allocation, 
taking full advan- 


tage 
of the fundamental 
concepts 
of the 
SOS6. A 


MOD1S6 control 
is also available 
to provide full sup- 


port for the additional 
instructions 
in the S01S6. 


Operating 
Environment 


The iC-86 compiler 
runs host resident on DOS 3.0 or 


greater. 
iC-86 can also run as a cross compiler 
on a 


VAX 
11/780 
computer 
under 
the 
VMS 
operating 


system. 
640K 
bytes of User Memory 
is required 
on 


all versions. 
The PC DOS Operating 
Environment 
is 


also supported. 
Specify 
desired version 
when order- 


ing. 


VAX version: 


- 
Digital 
Equipment 
Corporation 
VAX 
11/780 
or 


compatible 
computer 
running VMS 4.5 or greater 


PC DOS version: 


PC XT or AT using PC DOS 3.0 or later 


- 
Hard disk recommended 


MicroVAX 
or VAX version: 


- 
VMS Operating 
System 
4.5 or greater 


PC DOS version: 


- 
PC DOS Release 
3,0 or later Operating 
System 


Documentation 
Package 


iC-D6 User Manual 


C: A Reference Manual by 
Harbison 
and 
Steele 


(1987 Prentice-Hall) 
. 


VAX version: 


- 
1600 bpi, 9 track Magnetic 
tape 


DOS version: 


- 
5%" 
DOS format 
diskette 


- 
3.5" 
DOS format 
diskette 


Order 
Code 


MVVSC86 


Description 


iC-86 Cross Compiler 
for 


MicroVAXIVMS 


iC-86 Cross Compiler 
for VAXIVMS 


iC-86 Compiler 
for PC DOS 


VVSC86 


D86C86 


Intel Software 
License 
required 
for VAX and 


MicroVAX 
versions 


Intel offers 
several 
levels of support 
for this product 


which are explained 
in detail in the price list. Please 


consult 
the price list for a description 
of the support 


options 
available. 


*MDS is an ordering 
code only and is not used as a product 


name 
or trademark. 
MDS is a registered 
trademark 
of Mo- 


hawk Data Sciences 
Corporation. 


VAX, 
VMS 
are registered 
trademarks 
of Digital 
Equipment 


Corporation. 


VAX* IVMS* 
RESIDENT 
8086/88/186 


SOFTWARE DEVELOPMENT PACKAGES 


• 
Executes 
on DEC VAX*/MicroVAX 


Minicomputer 
under VMS* 
Operating 


System 
to translate 
PL/M·86, 
Pascal·86 


and ASM·86 
Programs 
for 8086, 88 


and 186 Microprocessors. 


• 
Packages 
include C-86; FORTRAN-86; 


Pascal-86; 
PL/M-86; 
ASM-86; 
Link and 


Relocation 
Utilities; OH-86 Absolute 


Object 
Module to Hexadecimal 
Format 


Converter; 
and Library 
Manager 


Program. 


• 
Output 
linkable with Code Generated 


on Intellec@ Development 
Systems. 


The VAXIVMS 
Resident 
Software 
Development 
Packages 
contain 
software 
development 
tools for the 8086, 


88, and 186 microprocessors. 
The package 
lets the user develop, 
compile, 
maintain 
libraries, 
and link and 
locate programs 
on a VAX running the VMS operating 
system. The translator 
oytput 
is object module compati- 
ble with 
programs 
translated 
by the 
corresponding 
version 
of the 
translator 
on an Intellec 
Development 
System. 


Four packages 
are available: 


1. An ASM-86 
Assembler 
Package 
which 
includes 
the Assembler, 
the 
Link Utility, the 
Locate 
Utility, 
the 
absolute 
object to hexadecimal 
format 
conversion 
utility and the Library Manager 
Program. 


2. A PLlM-86 
Compiler 
Package 
which contains 
the PLlM-86 
Compiler 
and Runtime 
Support 
Libraries. 


3. A Pascal-86 
Compiler 
Package 
which contains 
the Pascal-86 
Compiler 
and Runtime 
Support 
Libraries. 


4. A C-86 Compiler 
Package 
which contains 
the C-86 Compiler 
and Run-Time 
Libraries. 


5. A FORTRAN-86 
Compiler 
Package 
which 
contains 
the FORTRAN-86 
Compiler 
and Run-Time 
Libraries. 


The VAXIVMS 
resident 
development 
packages 
and the Intellec 
Development 
System development 
packages 
are built from the same technology 
base. Therefore, 
the VAXIVMS 
resident 
development 
packages 
and the 
Intellec 
Development 
System 
development 
packages 
are very similar. 


Version 
numbers 
can 
be used 
to identify 
features 
correspondence. 
The VAX/VMS 
resident 
development 
packages 
will have the same features 
as the Intellec 
Development 
System 
product 
with the same version 
number. 


The object 
modules 
produced 
by the translators 
contain 
symbol and type information 
for programming 
debug- 
ging using ICETM translators 
and/or 
the PSCOPE 
debugger. 
For final production 
version, 
the compiler 
can 
remove 
this extra information 
and code. 
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• 
Executes 
on VAX·/MlcroVAX 


Minicomputers 
under the VMS· 
Operating 
System 


• 
Supports 
16-Blt Signed 
Integer 
and 


32-Blt Floating 
Point Arithmetic 
In 


Accordance 
with IEEE Proposed 


Standard 


• 
Easy-To-Learn 
Block-Structured 


Language 
Encourages 
Program 


Modularity 


• 
Produces 
Relocatable 
Object 
Code 


Which Is Linkable 
to All Other Intel 


8086 Object 
Modules, 
Generated 
on 


Either a VAX·, 
a PC XT/AT 
running 


PC-DOS Version 
3.0 or Intellecl!> 
Development 
Systems 


• 
Code Optimization 
Assures 
Efficient 


Code Generation 
and Minimum 


Application 
Memory 
Utilization 


• 
Built-In Syntax 
Checker 
Doubles 


Performance 
for Compiling 
Programs 


Containing 
Errors 


• 
Source 
Input/Object 
Output 
Compatible 


with PL/M-86 
Hosted 
on an Intellecl!> 


Development 
System 


• 
ICETM, PSCOPE Symbolic 
Debugging 


Fully Supported 


Like its counterpart 
for MCSIfl>-80/85 program 
development, 
and Intelleclfl> hosted 8086 program 
development, 
VAX-PLlM-86 
is an advanced, 
structured 
high-level 
programming 
language. 
The VAX-PLlM-86 
compiler 
was 
created 
specifically 
for performing 
software 
development 
for the Intel 8086, 88 and 186 Microprocessors. 


PL/M 
is a powerful, 
structured, 
high-level 
system 
implementation 
language 
in which 
program 
statements 
can 
naturally 
express the program 
algorithm. 
This frees the programmer 
to concentrate 
on the logic of the program 
without 
concern 
for burdensome 
details 
of machine 
or assembly 
language 
programming 
(such 
as register 
allocation, 
meanings 
of assembler 
mnemonics, 
etc.). 


The 
VAX-PLlM-86 
compiler 
efficiently 
converts 
free-form 
PL/M 
language 
statements 
into 
equivalent 
8086/88/186 
machine 
instructions. 
Substantially 
fewer 
PL/M 
statements 
are necessary 
for a given applica- 
tion than if it were programmed 
at the assembly 
language 
or machine 
code level. 


The use of PLIM 
high-level 
language 
for system programming, 
instead of assembly 
language, 
results in a high 
degree 
of engineering 
productivity 
during 
project 
development. 
This translates 
into significant 
reductions 
in 
initial software 
development 
and follow-on 
maintenance 
costs for the user. 


• 
Executes 
VAX*/MicroVAX 


Minicomputers 
under the VMS* 
Operating 
System 


• 
Produces 
Relocatable 
Object Code 


Which is Linkable 
to All Other Intel 


8086 Object 
Modules, 
Generated 
on 


Either a VAX*, 
a PC XT/AT 
running PC- 


DOS Version 
3.0 or Intellec® 
Development 
Systems 


• 
ICETM, PSCOPE Symbolic 
Debugging 


Fully Supported 


• 
Implements 
REALMATH 
for Consistent 


and Reliable 
Results 


• 
Supports 
8086/20, 
88/20 
Numeric 
Data 


Processors 


• 
Strict Implementation 
of ISO Standard 


Pascal 


• 
Useful Extensions 
Essential 
for 


Microcomputer 
Applications 


• 
Separate 
Compilation 
with Type- 


Checking 
Enforced 
between 
Pascal 


Modules 


• 
Compiler 
Option to Support 
Full Run- 


Time Range-Checking 


• 
Source 
Input/Object 
Output 
Compatible 


with Pascal·86 
Hosted 
on a Intellec® 


Development 
System 


VAX-PASCAL-86 conforms to and implements the ISO Pascal standard. The language is enhanced to support 
microcomputer applications with special features, such as separate compilation, interrupt handling and direct 
port I/O. Other extensions include additional data types not required by the standard and miscellaneous 
enhancements such as an allowed underscore in names, an OTHERWISE clause in CASE construction and 
so forth. To assist the development of portable software, the compiler can be directed to flag all non-standard 
features. 


The VAX-PASCAL-86 compiler runs on the Digital Equipment Corporation VAX under the VMS Operating 
System. A well-defined I/O interface is provided for run-time support. This allows a user-written operating 
system to support application programs on the target system as an alternate to the development system 
environment. Program modules compiled under PASCAL-86 are compatible and linkable with modules written 
in PL/M-86, and ASM-86. With a complete family of compatible programming languages for the 8086, 88, and 
186 one can implement each module in the language most appropriate to the task at hand. 
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• Executes 
on VAX·/MlcroVAX 
• "Strongly 
Typed" 
Assembler 
Helps 
Minicomputers 
under The VMS· 
Detect 
Errors at Assembly 
Time 
Operating 
System 
• Hlgh·Level 
Data Structuring 
Facilities 
• Produces 
Relocatable 
Object 
Code 
Such as "STRUCTURES" 
and 
Which Is Linkable 
to All Other 
Intel 
"RECORDS" 


8086/88/186 
Object 
Modules, 
• Over 120 Detailed 
and Fully 
Generated 
on Either a VAX·, 
a PC 
Documented 
Error Messages 
XT 1AT running 
PC·DOS Version 
3.0 or 


Intellec@ Development 
Systems 
• Produces 
Relocatable 
and Linkable 
• Powerful 
and Flexible Text Macro 
Object 
Code 


Facility with Three 
Macro 
Listing 
• Source 
Input/Object 
Output Compatible 
Options 
to Aid Debugging 
with ASM·86 
hosted 
on an Intellec@ 
• Highly Mnemonic 
and Compact 
Development 
System 


Language, 
Most Mnemonics 
Represent 


Several 
Distinct 
Machine 
Instructions 


VAX-ASM-86 
is the 
"high-level" 
macro- assembler 
for the 8086/88/186 
assembly 
language. 
VAX-ASM-86 
translates 
symbolic 
8086/88/186 
assembly 
language 
mnemonics 
into 8086/88/186 
relocatable 
object 
code. 


VAX-ASM-86 
should 
be 
used 
where 
maximum 
code 
efficiency 
and 
hardware 
control 
is 
needed. 
The 
8086/88/186 
assembly 
language 
includes 
approximately 
100 instruction 
mnemonics. 
From these 
few mne- 
monics the assembler 
can generate 
over 3,800 distinct 
machine 
instructions. 
Therefore, 
the software 
develop- 
ment task is simplified, 
as the programmer 
need know only 100 mnemonics 
to generate 
all possible 
8086/88/ 
186 machine 
instructions. 
VAX-ASM-86 
will generate 
the shortest 
machine 
instruction 
possible 
given no for- 
ward referencing 
or given explicit 
information 
as to the characteristics 
of forward 
referenced 
symbols. 


VAX-ASM-86 
offers 
many features 
normally 
found only in high-level 
languages. 
The 8086/88/186 
assembly 
language 
is strongly typed. The assembler 
performs 
extensive 
checks on the usage of variable 
and labels. The 
assembler 
uses the attributes 
which are derived 
explicity 
when a variable 
or label is first defined, 
then makes 
sure that each 
use of the symbol 
in later instructions 
conforms 
to the usage defined 
for that symbol. 
This 
means that many programming 
errors will be deteced 
when the program 
is assembled, 
long before 
it is being 
debugged 
on hardware. 
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• 
Executes 
on VAX·/MlcroVAX 


Minicomputers 
under the VMS· 
Operating 
System 


• 
VAX·L1B·86 
Is a Library 
Manager 


Program 
which Allows You to: 


Create 
Specifically 
Formatted 
Files to 


Contain 
Libraries 
of Object 
Modules 


Maintain 
These 
Libraries 
by Adding or 


Deleting 
Modules 
Print a Listing of the Modules 
and 


Public Symbols 
In a Library 
File 


• 
Libraries 
Can be Used as Input to 


VAX·L1NK·86 
Which Will Automatically 


Link Modules 
from the Library that 


Satisfy 
External 
References 
In the 


Modules 
Being Linked 


• 
Abbreviated 
Control 
Syntax 


Libraries aid in the job of building programs. The library manager program VAX-L1B-86creates and maintains 
files containing object modules. The operation of VAX-L1B-86is controlled by commands to indicate which 
operation VAX-L1B-86is to perform. The commands are: 
CREATE: 
creates an empty library file 


ADD: 
adds object modules to a library file 
DELETE: 
deletes modules from a library file 
LIST: 
lists the module directory of library files 


EXIT: 
terminates the L1B-86program and returns control to VMS 


When using object libraries, the linker will call only those object modules that are required to satisfy external 
references, thus saving memory space. 


• 
Executes 
on VAX·/MicroVAX 


Minicomputers 
under the VMS· 
Operating 
System 


• 
Converts 
an 8086/88/186 
Absolute 


Object 
Module to Symbolic 


Hexademlcal 
Format 


• 
Facilitates 
Preparing 
a file for Loading 


by Symbolic 
Hexadecimal 
Loader 
(e.g. 


ISBC@ Monitor 
SDK·86 
Loader), 
or 


Universal 
PROM Mapper 


• 
Converts 
an Absolute 
Module to a More 


Readable 
Format 
that can be Displayed 


on a CRT or Printed for Debugging 


The VAX-OH-86 utility converts an 86/88 absolute object module to the hexadecimal format. This conversion 
may be necessary for later loading by a hexadecimal loader such as the iSBC 86/12 monitor or the Universal 
PROM Mapper. The conversion may also be made to put the module in a more readable format that can be 
displayed or printed. 


The module to be converted must be in absolute form; the output from VAX-LOC-86 is in absolute format. 


inter 


• 
Executes 
on VAX*/MicroVAX 


Minicomputers 
under the VMS* 
Operating 
System 


• 
Automatic 
Combination 
of Separately 


Compiled 
or Assembled 
86/88/186 


Programs 
into a Relocatable 
Module, 


Generated 
on Either a VAX, a PC 


XT/AT 
running PC· DOS Version 
3.0 or 


an Intellec® 
Development 
System 


• 
Automatic 
Selection 
of Required 


Modules 
from Specified 
Libraries 
to 


Satisfy 
Symbolic 
References 


• 
Extensive 
Debug Symbol 
Manipulation,_ 


allowing 
Line Numbers, 
Local Symbols, 


and Public Symbols 
to be Purged and 


Listed Selectively 


• 
Automatic 
Generation 
of a Summary 


Map Giving Results of the L1NK-86 
Process 


• 
Abbreviated 
Control 
Syntax 


• 
Relocatable 
modules 
may be Merged 


into a Single Module Suitable 
for 


Inclusion 
in a Library 


• 
Supports 
"Incremental" 
Linking 


• 
Supports 
Type Checking 
of Public and 


External 
Symbols 


VAX-lINK-86 combines object modules specified in the VAX-lINK-86 input list into a single output module. 
VAX-lINK-86 combines segments from the input modules according to the order in which the modules are 
listed. 


VAX-lINK-86 will accept libraries and object modules built from VAX-PL/M-86, VAX-PASCAL-86, VAX-ASM- 
86, or any other Intel translator generating 8086 Relocatable Object Modules, such as the Series III resident 
translators. 


Support for incremental linking is provided since an output module produced by VAX-lINK-86 can be an input 
to another link. At each stage in the incremental linking process, unneeded public symbols may be purged. 


VAX-lINK-86 supports type checking of PUBLICand EXTERNAL symbols reporting a warning if their types are 
not consistent: 


VAX-lINK-86 will link any valid set of input modules without any controls. However, controls are available to 
control the output of diagnostic information in the VAX-lINK-86 process and to control the content of the 
output module. 


VAX-lINK-86 allows the user to create a large program as the combination of several smaller, separately 
compiled modules. After development and debugging of these component modules the user can link them 
together, locate them using VAX-LOC-86 and enter final testing with much of the work accomplished. 


• 
Executes 
on the VAX*/MlcroVAX 


Minicomputers 
under the VMS* 
Operating 
System 


• 
Automatic 
Generation 
of a Summary 


Map Giving Starting 
Address, 
Segment 


Addresses 
and Length, and Debug 


Symbols 
and their Addresses 


• 
Extensive 
Capability 
to Manipulate 
the 


Order and Placement 
of Segments 
In 


8086/8088 
Memory 


• 
Abbreviated 
Control 
Syntax 


• 
Automatic 
and Independent 
Relocation 


of Independent 
Relocation 
of 


Segments. 
Segments 
May be Relocated 


to Best Match Users Memory 
Configuration 


• 
Extensive 
Debug Symbol 
Manipulation, 


Allowing 
Line Numbers, 
Local Symbols, 


and Public Symbols 
to be Purged and 


Listed Selectively 


Relocatability 
allows the programmer 
to code programs 
or sections 
of programs 
without 
having to know the 
final arrangement 
of the object 
code in memory. 


VAX-LOC-86 
converts 
relative 
addresses 
in an input 
module 
in iAPX-86/88/186 
object 
module 
format 
to 
absolute 
addresses. 
VAX-LOC-86 
orders the segments 
in the input module and assigns absolute 
addresses 
to 
the segments. 
The sequence 
in which the segments 
in the input module 
are assigned 
absolute 
addresses 
is 
determined 
by their order in the input module 
and the controls 
supplied 
with the command. 


VAX-LOC-86 
will relocate 
any valid 
input 
module 
without 
any controls. 
However, 
controls 
are available 
to 
control 
the output 
of diagnostic 
information 
in the VAX-LOC-86 
process, 
to control 
the content 
of the output 
module, 
or both. 


The program 
you are developing 
will almost 
certainly 
use some mix of random 
access 
memory 
(RAM), read- 
only memory 
(ROM), 
and/or 
programmable 
read-only 
memory 
(PROM). 
Therefore, 
the location 
of your pro- 
gram affects 
both cost and performance 
in your application. 
The relocation 
feature allows you to develop 
your 
program 
and then simply relocate 
the object 
code to suit your application. 


·VAX, 
DEC. and VMS are trademarks 
of Digital 
Equipment 
Corporation. 


22-389 


Required 
Hardware 


VAX' 
11/780, 
11/782, 
111750, 
or 11/730 
9 Track 


Magnetic 
Tape Drive, 1600 BPI 


MicroVAX 
II with TK-50 tape drive. 


VMS Operating 
System 
V3.0 or Later. All of the de- 
velopment 
packages 
are delivered 
as unlinked 
VAX 


object 
code 
which 
can 
be 
linked 
to VMS 
as de- 


signed for the system where the development 
pack- 


age is to be used. VMS command 
files to perform 


the link are provided. 


Documentation 
Package 


iAPX-86, 88 Development 
Software 
Installation 
Man- 


ual and User's 
Guide for VAXIVMS, 
Order 
number 


121950-001 


.,mppln9 
MeOla 


9 Track 
Magnetic 
Tape 
1600 bpi (VAX) 


TK-50 Cartridge 
Tape (MicroVAX) 


Part Number 


VVSASM86 


VVSPLM86 


iMDX-344VX 


VVSC86 


MVVSASM86 


MVVSPLM86 


MVVSC86 


MVVSFORT86 


Description 


VAX-ASM-86, 
VAX-lINK-86, 


VAX-LOC-86, 
VAX-lIB-86, 


VAX-OH-86, 
Package 


VAX-PLM-86 
Package 


VAX-PASCAL-86 
Package 


VAX-C-86 
Package 


MICROVAX 
ASM86 
Package 


MICROVAX 
PLM86 
Package 


MICROVAX 
C86 Package 


MICROVAX 
FORTRAN 
86 Package 


• 
Library to Support Floating Point 
Arithmetic 
In Pascal-86, 
PL/M-86, FTN-86 and ASM-86 


• 
Decimal Conversion 
Library Supports 


Binary-Decimal Conversions 


• 
Supports Proposed IEEE Floating Point 
Standard for High Accuracy and 
Software Portability 


• 
Common Elementary Function Library 
Provides Trigonometric, 
Logarithmic 


and Other Useful Functions 


• 
Error-Handler 
Module Simplifies 


Floating Point Error Recovery 


The 8087 Support 
Library provides 
Pascal-86, 
FORTRAN-86, 
PL/M-86 
and ASM-86 
users with numeric 
data 


processing 
capability. 
With the Library, 
it is easy for programs 
to do floating 
point arithmetic. 
Programs 
can 
bind in library modules to do trigonometric, 
logarithmic 
and other numeric functions, 
and the user is guaranteed 
accurate, 
reliable results for all appropriate 
inputs. Figure 1 below illustrates 
how the 8087 Support 
Library can 


be bound with PL/M-86 
and ASM-86 
user code to do this. The 8087 Support 
Library supports 
the proposed 
IEEE Floating 
Point Standard. 
Consequently, 
by using this Library, the user not only saves software 
develop- 


ment time, but is guaranteed 
that the numeric software 
meets industry standards 
and is portable-the 
software 


investment 
is maintained. 


The 8087 Support 
Library consists 
of the common 
elementary 
function 
library (CEL87.L1B), the decimal 
con- 


version 
library (DC87.L1B), the emulator 
interface 
library E8087.L1B, the error handler 
module 
(EH87.L1B) and 


interface 
libraries 
(8087.L1B, NUL87.L1B). 
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CEL87.LIB 
THE COMMON 
ELEMENTARY 
FUNCTION 
LIBRARY 


mqerSNH, 
mqerCSH, 
mqerTNH 
compute 
the 


corresponding hyperbolic functions. 


mqerAT2 
is a special version of the arc tangent 
function that accepts rectangular co- 
ordinate inputs. 
CEL87.L1B contains commonly used floating point' 
functions. It is used along with the 8087 numeric co- 
processor. It provides a complete package of ele- 
mentary functions, giving valid results for all appro- 
priate inputs. Following is a summary of CEL87 func- 
tions, grouped by functionality. 


Logarithmic 
and Exponential 


Functions: 
mqerLGD 
computes decimal (base 10) loga- 
rithms. 
computes natural base (base e) loga- 
rithms. 
computes exponentials to the base e. 
computes exponentials to any base. 
raises an Input real to a 16-bit integer 
power.. 
is as mqerY12, except to a 32-bit inte- 
ger power. 
is as mqerY12, but it accommodates 
PL/M-286 users. 


mqerEXP 
mqerY2X 
mqerY12 


mqerlE2, and mqerlE4. Round a real 
number to the nearest integer; to the 
even integer if there is a tie. The an- 
swer returned is real, a 16-bit integer 
or a 32-bit integer respectively. 
mqerlA2, mqerlA4. Round a real num- 
ber to the nearest integer, to the inte- 
ger away from zero if there is a tie; the 
answer returned is real, a 16-bit inte- 
ger or a 32-bit integer, respectively. 
mqerlC2, mqerlC4. Truncate the frac- 
tional part of a real input; the answer 
is real, a 16-bit integer or 32-bit inte- 
ger, repectively. 


Trigonometric 
and Hyperbolic 


Functions: 
mqerSIN, 
mqerCOs, mqerTAN compute sine, 
cosine, and tangent. 


mqerASN, 
mqerACS, 
mqerATN 
compute 
the 


corresponding inverse functions. 


Other Functions (of real variables): 
mqerDIM 
is 
FORTRAN's 
positive 
difference 


function. 


mqerMAX 
returns the maximum of two real in- 
puts. 


mqerMIN 
returns the minimum of two real in- 
puts. 
mqerSGH 
combines the sign of one input with 
the magnitude of the other input. 


mqerMOD 
computes a modulus, retaining the 
sign of the dividend. 


mqerRMD 
computes a modulus, giving the value 
closest to zero. 


Complex Number Functions: 
mqercCMUL, and 
mqercCDIV 
perform 
complex 


multiplication and division of complex 
numbers. 


mqercCPOL 
converts complex numbers from rec- 
tangular to polar form. mqercCREC 
converts complex numbers from polar 
to rectangular form. 


mqercCSQR, and mqercCABS compute the com- 


plex square root and real absolute 
value (magnitude) of a complex num- 
ber. 


mqercCEXP, and mqercCLGE compute the com- 


plex value of e raised to a complex 
power and the complex natural loga- 
rithm (base e) of a complex number. 


mqercCSIN, 
mqercCCOS, and mqercCTAN com- 
pute the complex sine, cosine, and 
tangent of a complex number. 


mqercCASN, mqercCACS, and mqercCATN com- 


pute the complex inverse sine, co- 
sine, and tangent of a complex num- 
ber. 
mqercCSNH, mqercCCSH, and mqercCTNH com- 


pute the complex hyperbolic sine, co- 
sine, and tangent of a complex num- 
ber. 
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pute the comples inverse hyperbolic 
sine, cosine, and tangent of a com- 
plex number. 


mqercCR2C,mqercCC2R,mqercCCl2, 
mqercCCl4, and mqercCCIS return 
complex values of complex (or real) 
values raised to complex (real, short 
integer, or long integer) values. 


, 


DC87.LlB 


THE DECIMAL CONVERSION 
LIBRARY 


DC87.L1Bis a library of procedures which convert 
binary representations of floating point numbers and 
ASCii-encoded string of digits. 


The 
binary-to-decimal 
procedure 
mqcBIN_DE- 


CLOW accepts a binary number in any of the for- 
mats used for the representation of floating point 
numbers in the 8087. Because there are so many 
output formats for floating point numbers, mqcBIN_ 
DECLOW does not attempt to provide a finished, 
formatted text string. Instead, it provides the "build- 
ing blocks" for you to use to construct the output 
string which meets your exact format specification: 


The decimal-to-binary procedure mqcDEC_BIN ac- 
cepts a text string which consists of a decimal num- 
ber with optional sign, decimal point, and/or power- 
of-ten exponent. It translates the string into the call- 
er's choice of binary formats. 


Decimal-to-binary procedure mqcDECLOW_BIN 
is 


provided for callers who have already broken the 
decimal number into its constituent parts, 


The procedures mqcLONG_ TEMP, mqcSHORT_ 
TEMP, mqcTEMP_LONG, and mqcTEMP_SHORT 
convert floating point numbers between the longest 
binary format, TEMP_REAL, 
and the shorter for- 


mats. 


EH87.LlB 


THE ERROR HANDLER 
LIBRARY 


EH87.L1B is a library of five utility procedures for 
writing trap handlers. Trap handlers are called when 
an unmasked 8087 error occurs. 


The 8087 error reporting mechanism can be used 
not only to report error conditions, but also to let 
software implement IEEE standard options not di- 
rectly supported by the chip. The three such exten- 
sions to the 8087 are: normalizing mode, non-trap- 
ping not-a-number (NaN), and non-ordered compari- 
son. The utility procedures support these extra fea- 
tures, 


DECODE is called near the beginning of the trap 
handler. It preserves the complete state of the 8087, 
and also identifies what function called the trap han- 
dier, and returns available arguments and/or results. 
DECODE eliminates much of the effort needed to 
determine what error caused the trap handler to be 
called, 


NORMAL provides the "normalizing mode" capabili- 
ty for handling the "D" exception. By calling NOR- 


MAL in your trap handler, you eliminate the need to 
write code in your application program which tests 
for non-normal inputs. 


SIEVE provides two capabilities for handling the "'" 
exception. It implements non-trapping NaN's and 
non-ordered comparisons, These two IEEE standard 
features are useful for diagnostic work. 


ENCODE is called near the end of the trap handler. 
't restores the state of the 8087 saved by DECODE, 
and performs a choice of concluding actions, by ei- 
ther retrying the offending function or returning a 
specified result. 


FILTER calls each of the above four procedures. If 
your error handler does nothing more than detect 
fatal errors and implement the features supported by 
SIEVE 
and 
NORMAL, 
then 
your 
interface 
to 


EH87.L1Bcan be accomplished with a single call to 
FILTER. 


inter 


8087.LIB, 
NUL87.LIB, 
E8087.LIB 
INTERFACE 
LIBRARIES 


E8087.L1B, 8087.L1B and NUL87.L1B libraries config- 
ure 
a user's 
application 
program 
for 
his 
run-time 
environment; 
running 
with the 8087 
component 
or 


without 
floating 
point arithmetic, 
respectively. 


The Full 8087 Emulator 
is a 16-kilobyte 
object 
mod- 


ule that is linked to the application 
program 
for float- 
ing-point 
operations. 
Its functionality 
is identical 
to 


the 8087 
chip, and is ideal for prototyping 
and de- 


bugging 
floating-point 
applications. 
The Emulator 
is 


an alternative 
to the use of the 8087 chip, although 


the latter executes 
floating-point 
applications 
up to 


100 times faster than an 8086 with the 8087 Emula- 
tor. Furthermore, 
since the 8087 is a "coprocessor," 
use of the chip will allow many operations 
to be per- 


formed 
in parallel 
with the 8086. 


Intel Microcomputer 
Development 
Systems 
(Series 


III, Series 
IV) 


Documentation 
Package 


8087 Support 
Library Reference 
Manual 


Part Number 


iMDS 319 


Description 


8087 Support 
Library 


Intel offers several 
levels of support 
for this product 
which are explained 
in detail in the price list. Please 
consult 
the price list for a description 
of the support 


options 
available. 


inter 


• 
Library to support floating point 
arithmetic In Pascal·286, PL/M-286 and 
ASM·286 


• 
Decimal conversion library supports 
binary-decimal conversions 


• 
Supports proposed IEEE Floating Point 
Standard for high accuracy and 
software portability 


• 
Common elementary function library 
provides trigonometric, logarithmic and 
other useful functions 


• 
Error-handler module simplifies floating 
point error recovery 


The 80287 Support 
Library provides 
Pascal-286, 
PL/M-286 
and ASM-286 
users with numeric data processing 
capability. 
With the Library, it is easy for programs 
to do floating 
point arithmetic. 
Programs 
can bind in library 
modules 
to do trigonometric, 
logarithmic 
and other 
numeric 
functions, 
and the user is guaranteed 
accurate, 
reliable 
results 
for all appropriate 
inputs. 
Figure 
1 below 
illustrates 
how the 80287 
Support 
Library 
can be 
bound with PLlM-286 
and ASM·286 
user code to do this. The 80287 Support 
Library supports 
the proposed 
IEEE Floating 
Point Standard. 
Consequently, 
by using this Library, the user not only saves software 
develop- 
ment time, but is guaranteed 
that the numeric software 
meets industry standards 
and is portable-the 
software 
investment 
is maintained. 


The 80287 
Support 
Library 
consists 
of the common 
elementary 
function 
library 
(CEL287.L1B), 
the decimal 
conversion 
library 
(DC287.L1B), 
the 
error 
handler 
module 
(EH287.L1B) 
and 
interface 
libraries 
(80287.L1B, 
NUL287.L1B). 
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CEL287.LIB 


THE COMMON 
ELEMENTARY 
FUNCTION 
LIBRARY 


mqerSNH. 
mqerCSH. 
mqerTNH 
compute 
the 


corresponding hyperbolic functions. 


mqerAT2 
is a special version of the arc tangent 
function that accepts rectangular co- 
ordinate inputs. 
CEL287.L1Bcontains commonly used floating point 
functions. It is used along with the 80287 numeric 
coprocessor. It provides a complete package of ele- 
mentary functions, giving valid results for all appro- 
priate inputs. Following is a summary of CEL287 
functions, grouped by functionality. 


Rounding and Truncation 
Functions: 


mqerlEX. 
mqerlE2. and mqerlE4. Round a real 
number to the nearest integer; to the 
even integer if there is a tie. The an- 
swer returned is real, a 16-bit integer 
or a 32-bit integer respectively. 


mqerlAX, 
mqerlA2, mqerlA4. Round a real num- 
ber to the nearest integer. to the inte- 
ger away from zero if there is a tie; the 
answer returned is real, a 16-bit inte- 
ger or a 32-bit integer. respectively. 


mqerlCX. 
mqerlC2, mqerlC4. Truncate the frac- 
tional part of a real input; the answer 
is real. a 16-bit integer or 32-bit inte- 
ger. repectively. 


Logarithmic 
and Exponential 


Functions: 
mqerLGD 
computes decimal (base 10) loga- 
rithms. 
computes natural base (base e) loga- 
rithms. 
computes exponentials to the base e. 
computes exponentials to any base. 
raises an input real to a 16-bit integer 
power. 


is as mqerY12. except to a 32-bit inte- 
ger power. 
is as mqerY12. but it accommodates 
PLlM-286 users. 


mqerEXP 
mqerY2X 
mqerY12 


Trigonometric 
and Hyperbolic 


Functions: 
mqerSIN, 
mqerCOS. mqerTAN compute sine. 
cosine. and tangent. 


mqerASN, 
mqerACS, 
mqerATN 
compute 
the 


corresponding inverse functions. 


Other Functions (of real variables): 
mqerDIM 
is 
FORTRAN's 
positive 
difference 


function. 


mqerMAX 
returns the maximum of two real in- 
puts. 
mqerMIN 
returns the minimum of two real in- 
puts. 


mqerSGH 
combines the sign of one input with 
the magnitude of the other input. 


mqerMOD 
computes a modulus. retaining the 
sign of the dividend. 


mqerRMD 
computes a modulus. giving the value 
closest to zero. 
. 


Complex Number Functions: 
mqercCMUL, and 
mqercCDIV 
perform 
complex 


multiplication and division of complex 
numbers. 


mqercCPOL 
converts complex numbers from rec- 
tangular to polar form. mqercCREC 
converts complex numbers from polar 
to rectangular form. 


mqercCSQR. and mqercCABS compute the com- 


plex square root and real absolute 
value (magnitude) of a complex num- 
ber. 


mqercCEXP, and mqercCLGE compute the com- 


plex value of e raised to a complex 
power and the complex natural loga- 
rithm (base e) of a complex number. 


mqercCSIN, 
mqercCCOS. and mqercCTAN com- 
pute the complex sine, cosine. and 
tangent of a complex number. 


mqercCASN, mqercCACS. and mqercCATN com- 


pute the complex inverse sine. co- 
sine, and tangent of a complex num- 
ber. 


mqercCSNH, mqercCCSH, and mqercCTNH com- 


pute the complex hyperbolic sine, co- 
sine. and tangent of a complex num- 
ber. 


Complex Number Functions: (Continued) 
mqercCACH, mqercCASH, and mqercCATH com- 
pute the comples inverse hyperbolic 
sine, cosine, and tangent of a com- 
plex number. 


mqercCC2C, mqercCR2C,mqercCC2R,mqercCCI2, 


mqercCCI4, and mqercCCIS return 
complex values of complex (or real) 
values raised to complex (real, short 
integer, or long integer) values. 


DC287.LIB 


THE DECIMAL CONVERSION 
LIBRARY 


DC287.L1Bis a library of procedures which convert 
binary representations of floating point numbers and 
ASCII-encoded string of digits. 


The 
binary-to-decimal 
procedure 
mqcBIN_DE- 


CLOW accepts a binary number in any of the for- 
mats used for the representation of floating point 
numbers in the 80287. Because there are so many 
output formats for floating point numbers, mqcBIN_ 
DECLOW does not attempt to provide a finished, 
formatted text string. Instead, it provides the "build- 
ing blocks" for you to use to construct the output 
string which meets your exact format specification. 


The decimal-to-binary procedure mqcDEC_BIN ac- 
cepts a text string which consists of a decimal num- 
ber with optional sign, decimal point, and/or power- 
of-ten exponent. It translates the string into the call- 
er's choice of binary formats. 


Decimal-to-binary procedure mqcDECLOW_BIN 
is 


provided for callers who have already broken the 
decimal number into its constituent parts. 


The procedures mqcLONG_TEMP, 
mqcSHORT_ 


TEMP, mqcTEMP_LONG, and mqcTEMP_SHORT 
convert floating point numbers between the longest 
binary format, TEMP_REAL, 
and the shorter for- 


mats. 


EH287.LlB 


THE ERROR HANDLER 
LIBRARY 


EH287.L1Bis a library of five utility procedures for 
writing trap handlers. Trap handlers are called when 
an unmasked 80287 error occurs. 


The 80287 error reporting mechanism can be used 
not only to report error conditions, but also to let 
software implement IEEE standard options not di- 
rectly supported by the chip. The three such exten- 
sions to the 80287 are: normalizing mode, non-trap- 
ping not-a-number (NaN), and non-ordered compari- 
son. The utility procedures support these extra fea- 
tures. 


DECODE is called near the beginning of the trap 
handler. It preserves the complete state of the 
80287, and also identifies what function called the 
trap 
handler, 
and 
returns 
available 
arguments 


and/or results. DECODE eliminates much of the ef- 
fort needed to determine what error caused the trap 
handler to be called. 


NORMAL provides the "normalizing mode" capabili- 
ty for handling the "0" exception. By calling NOR- 


MAL in your trap handler, you eliminate the need to 
write code in your application program which tests 
for non-normal inputs. 


SIEVE provides two capabilities for handling the "I" 
exception. It implements non-trapping NaN's and 
non-ordered comparisons. These two IEEE standard 
features are useful for diagnostic work. 


ENCODE is called near the end of the trap handler. 
It restores the state of the 80287 saved by DE- 
CODE, and performs a choice of concluding actions, 
by either retrying the offending function or returning 
a specified result. 


FILTER calls each of the above four procedures. If 
your error handler does nothing more than detect 
fatal errors and implement the features supported by 
SIEVE 
and 
NORMAL, 
then 
your 
interface 
to 


EH287.L1Bcan be accomplished with a single call to 
FILTER. 


80287.LIB, 
NUL287.LIB 
INTERFACE 
LIBRARIES 


80287.L1Band NUL287.L1Blibraries configure a us- 
er's application program for his run-time environ- 
ment; running with the 80287 component or without 
floating point arithmetic, respectively. 


Intel Microcomputer Development Systems (Series 
III, Series IV) 


Documentation 
Package 


80287 Support Library Reference Manual 


A 80287 software emulator is available as part of the 
8086 software toolbox (iMDX364) 


ORDERING 
INFORMATION 
Part Number Description 
iMDX329 
80287 Support Library 


Intel offers several levels of support for this product 
which are explained in detail in the price list. Please 
consult the price list for a description of the support 
options available. 


inter iPATTM PERFORMANCE ANALYSIS TOOL 
• Provides Real-Time Performance 
• Complements Emulator by Allowing 
Analysis and Real-Time Test Coverage 
Simultaneous Debugging and 
of 'Code Written for 8086/8088, 
Performance Analysis 


80186/80188, 
and 80286 Processors 
• Permits Activation of Analysis using 
• Displays Performance-Analysis 
Emulator Procedures 


Histograms to Isolate Slow Code 
• Handles Up to 24-Blt Execution 
• Displays Test Coverage Tables to 
Address Space 


Isolate Untested Code; Permits Saving 
• Permits Specification of Analysis 
and Updating Test Results 
Address Ranges Symbolically or with 
• Measures Interrupt Latency 
Absolute Addresses 


• Does not Intrude Into Program Being 
• Provides Flexible Isolation of Code 
Analyzed 
Ranges, Windowed Events, and 
• Collects 100% of Execution Data 
Interrupt Activity 


The Intel Performance 
Analysis 
Tool (iPATTM) helps software 
engineers 
optimize 
code and improve 
software 
reliability. 
Software 
object 
code generated 
by Intel assemblers 
and Intel compilers 
(e.g., for C, PL/M, 
Pascal, 
Ada, and FORTRAN) 
can be analyzed 
symbolically 
to improve 
software 
execution 
efficiency 
and to validate 
test coverage. 
Any object 
code that lacks 
Intel compiler 
information-but 
that can be run by Intel emulators 
and for which 
an absolute 
program 
map is available--can 
also be analyzed 
(nonsymbolically) 
by the iPAT 
analyst. 
iPAT operation 
is currently 
supported 
via a target 
interface 
to the 121CETMIntegrated 
Instrumentation 
and In-Circuit 
Emulation 
System. 


Mode: 
PROFILE 
PTIMEBASE: 
10us 
Include 
calls 
Status: 
OK 


GET_LOADING_INFO 
470 


FIND_3D_POSITION 
620 
READ_SURFACE_SENSORS 
5~0 


GET_AIRSPEED 
0 


GET_THROTTLE_SETTING 
3~0 


GET_AILERON_POSITIONS: 
120 


GET_RUDDER_POSITION 
60 


GET_FLAP_POSTIONS 
130 


CALCULATE_FEASIBILITY: 
300 


REFRESH_PILOT_DISPLAY: 
740 


GET_PILOT_RESPONSE 
190 


SET_THROTTLE 
80 


SET_AILERONS 
310 


SET_RUDDER 
0 


SET_FLAPS 
180 


*Background* 
28 
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ABS 
HISTO 
SORT 
FILTER 


TRUE 
TIME 
= ADDRESS 


FALSE 


:- 
:-:- 


inter 


PERFORMANCE 
ANALYSIS 


INTRODUCTION 


The size and complexity of software has increased 
with each new generation of microprocessors. As a 
result, it has become increasingly important to opti- 
mize software and to ensure its reliability. The iPAT' 
analyst answers these needs. 


Optimizing software 
means maximizing software 


speed without sacrificing functionality or reliability. 
To increase speed, execution bottlenecks 
need 


careful attention. But, how can the crucial slow code 
be located? 


Without the iPAT analyst, you might analyze the vari- 
ous paths in the source code and make educated 
guesses where the bottlenecks will occur. Or you 
might place count statements in the code to learn 
how often the various paths are entered. Neither of 
these methods can ensure that you really will isolate 
the bottlenecks. Furthermore, the second method is 
intrusive-with 
the extra statements, real-time oper- 


ation of your original code cannot occur. 


The iPAT analyst provides the solution to the soft- 
ware engineering problem of locating crucial code. 
With the iPAT analyst, you can quickly and easily 
show (with histograms or tables) timing and count 
information for specified program modules, proce- 
dures, lines, or absolute address ranges. Because it 
fully supports symbolic information from Intel high- 
level languages, the iPAT analyst enables you to use 
the names of procedures and modules to specify 
ranges that you want to analyze.' (For object code 
that lacks symbolic information, consult your code's 
absolute program map and then specify absolute ad- 
dress ranges of interest.) 


Furthermore, the iPAT analyst is nonintrusive and 
operates in real-time. It does not sample program 
operation on a statistical basis; rather, it has avail- 
able to it each address that is executed so that no 
potentially troublesome code will be overlooked. 
(The iPAT analyst can also monitor when interrupts 
.occur.) 


Software teams currently doing their coding in as- 
sembly language (to ensure speed of program exe- 
cution) can now consider writing future code in high- 
level languages. Since much code does not have a 
significant effect on overall program speed, after the 
code is written in high-level language, the bottle- 
necks can be located by the iPAT analyst. Then, if 
need be, the code causing the bottlenecks can be 
redone 
in assembly language. This 
method of 


software development means faster product devel- 
opment, since coding can progress much faster us- 
ing a high-level language. 


Measuring Hardware-Interrupt-to- 
Software-Response 
Time (Latency) 


The iPAT analyst not only allows you to acquire tim- 
ing and count information on software events; it also 
allows you to examine hardware-interrupt-to-soft- 
ware interactions. For example, you can measure 
how long it is before the appropriate service routine 
is executed in response to a hardware interrupt. If 
the measured hardware-interrupt-to-software laten- 
cy period is not acceptable, the iPAT analyst can 
help you isolate the causes. 


Coordinating 
Performance 
Analysis 


with Emulator Controls 


Using the emulator with the iPAT analyst also en- 
ables you to analyze program execution as a func- 
tion of differing target-system conditions. You can 
set up the conditions in the target system with the 
emulator, set up iPAT data collection for a section of 
code, then run the program with the iPAT analyst 
activated. Change the target conditions and repeat 
program execution and performance analysis. 


You can also create emulator procedures (PAGCs) 
containing emulator commands that trigger perform- 
ance analysis as a function of selected software or 
hardware events. 


As code is developed, there is a need to ensure that 
it has no defective code. Typically for this purpose, 
test suites are developed by software engineers. 
The engineers use their theoretical understanding of 
the software to devise test suites that will exercise 
the code paths. Then, the program under test is run 
with the test suites, and the program's output is ex- 
amined. If the desired values are present in the out- 
put, it is assumed that the paths were tested. But 
this is an inference; the test results do not them- 
selves show whether the paths were all exercised. 


Thus, without the help of the iPAT analyst, testers 
cannot be confident that their tests exercised all the 
code. As a result, there may be a tendency to re- 
strict designs to familiar algorithms and techniques, 
so that previously successful test suites can be 
reused. 


By contrast, the coverage mode in the iPAT analyst 
enables you to identify easily and quickly which lines 
or 
procedures 
in your software 
are 
not being 


22-400 


exercised 
by the test suites. Thus, you need not re- 


strict your test suites or your coding techniques 
and 


options. 
Furthermore, 
when the iPAT analyst 
reveals 


untested 
code, you can modify your test suites until 


the iPAT analyst 
shows that all code is tested. 


How the iPATTM Analyst Affects 
Development 


As your code is being developed, 
preliminary 
analy- 


ses can be made with the iPAT analyst. 
Then, when 


your system 
hardware 
is developed 
to the point that 


code can be loaded 
into it and run, the iPAT analyst 


can make real-time 
measurements. 
Refinements 
of 


software 
and test suites 
can occur 
up until product 


release, 
with each new modification 
being checked 


by the iPAT analyst for execution 
efficiency 
and reli- 


ability. 


But, the iPAT analyst's 
usefulness 
to the product 
is 


not at an end, because 
most products 
are enhanced 


after 
the 
first 
release. 
As new 
releases 
are being 


prepared 
(to add new features), 
the iPAT analyst will 


be available 
to analyze 
the new code and the new- 


est test suites. 


The iPAT analyst can also be used to enhance 
exist- 


ing products-products 
that were developed 
before 


performance 
analysis 
was available. 
you can exam- 


ine existing 
code 
with 
the 
iPAT analyst 
to identify 


slow code; recode; 
re-examine; 
then, when perform- 


ance 
(and 
reliability) 
have 
been 
improved, 
release 


the enhanced 
products. 


The iPAT analyst 
provides 
a way for software 
engi- 


neers to check whether 
the software 
meets perform- 


ance specifications. 
In addition, 
in the future you will 


be able to write more meaningful 
specifications 
that 


cite desired 
iPAT measurements. 


If portions 
of code are likely to be reused, 
the iPAT 


analyst 
can provide 
measurements 
of the reusable 


code's 
performance 
characteristics. 
Then, future us- 


ers of the code will know in advance 
what to expect 
from the code. 


Another 
use of performance 
analysis 
is encouraging 


engineers 
to engage 
in "what-if" 
thinking. 
They can 


ask, "What 
if this portion 
of the code was designed 


this way?" 
Then, 
after they complete 
several 
ways 


of coding, 
the various 
versions 
can be analyzed 
by 


the 
iPAT analyst 
to reveal 
which 
has the greatest 


efficiency. 


Figure 1 shows the iPAT hardware 
connected 
to the 


121CE emulation 
system 
and hosted 
by an IBM PC 


AT. The iPAT hardware 
includes 
the following: 


• 
Power supply (with AC and DC power cables) 


• 
Core module 


• 
Emulator-specific 
target 
interface 
(which enables 


the core module to function 
with a specific 
emula- 


tor) 


• 
Cable for connecting 
the core module 
to the tar- 


get interface 


• 
RS-232 serial cable for connecting 
the core mod- 


ule to the host system 


iPAT software 
is integrated 
with the emulator 
soft- 


ware. Thus, with the iPAT 1121CE system target 
inter- 


face you receive 
121CEsystem 
host software. 
(You 


do not receive 
121CEsystem 
probe software; 
contin- 


ue to use the probe software-version 
1.7 or later- 


supplied 
with the 121CEsystem.) 
In addition, 
you re- 


ceive iPAT diagnostic 
and tutorial 
software. 


Users will begin analysis 
of their code 
by obtaining 


an overview 
of their software's 
operation, 
and then 


restrict 
their focus 
as they home 
in on the problem 


areas 
in their code. 
Five analysis 
modes 
are avail- 


able: 


• 
profile 


• 
coverage 


• 
windowed 
event count 


• 
duration 


• 
linkage 


Of these, 
the profile 
and 
coverage 
modes 
can be 


used to acquire 
both overviews 
and more localized 


inspection 
of your software 
behavior. 
The iPAT win- 


dowed-event-count, 
duration, 
and 
linkage 
modes 


each provide 
specific 
perspectives 
on localized 
soft- 


ware behavior. 


GAINING 
AN OVERVIEW 
OF 


SOFTWARE 
OPERATION 


Gaining 
an overview 
of your software 
operation 
is 


simple with the iPAT analyst. 
If you want an overview 


of program 
activity, 
you load your 
program, 
select 


inter 


inter 


the profile analysis mode, and then run the program. 
To do so, you need only enter the following com- 
mands: 


of-learning. Default operation in the profile mode 
monitors all procedures in the user program and 
measures their real-time characteristics. 


LOAD new_program 
PAT INIT PROFILE 
GO 


The default display for profile mode is a histogram 
that shows the time spent in each of your program's 
procedures. See Figure 2 for a sample default profile 
display. 


To display the results (during or after program exe- 
cution), enter: 
Acquiring an overview of test coverage is also sim- 
ple. First set up the coverage mode. 


iPAT options and controls provide considerable flexi- 
bility in monitoring and displaying information about 
your code. Yet the default settings have been de- 
signed with a view to typical applications and ease- 


Mode: 
PROfILE 
PTIMEBASE: 
10us 
Include 
calls 
Status: 
OK 


GET_LOADING_INfO 
470 


fIND_3D_POSITION 
b20 


READ_SURf ACE_SENSORS 
580 


GET_AIRSPEED 
0 


GET_THROTTLE_SETTING 
380 


GET_AILERON_POSITIONS: 
120 


GET_RUDDER_POSITION 
bO 


GET_fLAP_POSTIONS 
130 


CALCULATE_fEASIBILITY: 
300 


REfRESH_PILOT_DISPLAY: 
740 


GET_PILOT_RESPONSE 
190 


SET_THROTTLE 
80 


SET_AILERONS 
310 


SET_RUDDER 
0 


SET_fLAPS 
180 
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Example: The procedure REFRESH 
PILOT_DISPLAY consumes about 17.5% 
of the program execution time. 


ABS 
HISTO 
SORT 
fILTER 


TRUE 
TIME 
ADDRESS 
fALSE 


:- 
:-:- 


Data concerning execution of the main-line 
code is Included in the Background line. 


inter 


Then, run your program with the data inputs from 
your tests suites, and request a display of results 
using the following commands: 


GO FROM 
top 
PAT DISPLAY 


By default, the coverage display lists all procedures 
and indicates whether each was executed. Figure 3 
shows a sample coverage display. It indicates that 
no code in the procedures GET-.AIR_SPEED 
and 


SET_RUDDER was executed by the test suites. 


GETTING 
OTHER 
VIEWS 
OF 


SOFTWARE 
OPERATION 


To obtain more refined information about program 
operation and test coverage, you can use all five 
analysis modes. For all modes, the basic display 
command is the same: 


You can select whether the display should be re- 
newed periodically during real-time program execu- 
tion. If you select periodic renewal, you can also se- 
lect how frequently (in seconds) it is renewed. 


Data collection occurs with one of five selectable 
time bases: 100 /Ls, 10 /Ls, 1 /Ls, and 200 ns. The 
default value is 10 /Ls. 


The following sections describe how each of the five 
analysis modes and their associated displays can be 
used to obtain other kinds of overviews and how to 
localize the collection of data. 


The default features of the coverage mode have al- 
ready been described. Once you have a coverage 
overview, you may want to restrict the data dis- 
played. 


For example, if the default coverage information 
shows that all procedures were executed by test 
suites, you may next wish to determine whether all 
lines in certain procedures were executed. You 
would then request a display (for the address range 
desired) of the lines not executed. Using this meth- 
od, you can obtain very refined test-coverage infor- 
mation and thus help ensure software reliability. 


For profile mode there are a number of ways you 
can control analysis and the display of data. 


Profile·Mode 
Analysis: 
For profile mode, data, by 


default, is collected on program procedures. If you 
want to acquire an even wider overview, you can 
change the focus to program modules. Or, for a very 
close view, you can request that data be collected 
on the lines executed. 


After you have examined your program's profile dis- 
play, you may notice that several procedures are us- 
ing excessive time. You will next want to use the 
iPAT analyst to determine whether the time spent is 
really attributable to those procedures or rather to 
calls by those procedures to other procedures. In 
the default case, when a procedure calls another, 
the time spent in the called procedure is accumulat- 


Example: 
SET .....AILERONS was executed 


but SET_RUDDER 
was not. 


• 
:GET_LOADING_INfO 
• 
:GET_AILERON_POSI 
• 
:GET_PILOT_RESPONSE: 
• 
:fIND_3D_POSITION 
• 
:GET_RUDDER_POSIT 
• 
:SET_THROTTLE 
• 
:READ_SURfACE_SEN 
• 
:GET_fLAP_POSTION 
• 
:SET_AILERONS 
:GET_AIRSPEED 
• 
:CALCULATE_fEASIB 
:SELRUDDER 
• 
:GET_THROTTLE_SET 
• 
:REfRESH_PILOT_DI 
• 
:SELfLAPS 
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ed by the iPAT analyst as part of the calling proce- 
dure's time. If you do not want time charged to the 
caller, change the control so that the time accumu- 
lated by calling procedures excludes time used by 
called procedures. Then rerun the program and col- 
lect new data. Now, by comparing the time charged 
to the calling procedure in the two cases, you can 
determine to what extent calls by the procedure use 
excessive time. 


When you use profile mode, you need not collect 
data on the whole program. You can restrict the 
range of modules, procedures, or lines that are pro- 
filed. In addition, you can restrict the profile to speci- 
fied absolute-address ranges or to an interrupt-ad- 
dress pair. 


Profile-Mode 
Displays: The default profile display 


(shown in Figure 2) provides a histogram of the time 
used by program procedures. Once you notice that 
some procedures are taking too long, you will want 


Mode: 
PROFILE 
PTIMEBASE: 
10us 
Include 
calls 
Status: 
OK 


to determine how often those procedures are called. 
Is the excessive time a result of their being called 
frequently or the result of slow code? To find out, 
you need only select a display of count information. 
A histogram appears immediately (derived from al- 
ready-acquired data). In the histogram, the lines for 
the procedures that are taking too long will show 
whether their counts are small (implying slow code) 
or large. 


You can also display count and time information 
simultaneously by selecting the table display option. 
To do so, simply change the HISTO control to false 
and request a new display. Figure 4 shows a sample 
profile table display. 


Another display control allows you to specify in what 
order data is presented. By default, data is present- 
ed in address order. But you can also direct the iPAT 
analyst to arrange results in time order or count or- 
der, with highest values first. 


Example: GET_THROTTLE-SETTING 
was 


executed 49 times. Total execution time was 380 
ms, with 7.8 ms as the average execution time. 


ABS 
HISTO 
SORT 
FILTER 


TRUE 
FALSE 
ADDRESS 
FALSE 


GET_LOADING_INFO 
3 
470 
SO 
156.7 
360 
FIND_3D_POSITION 
14 
620 
14 
44.3 
181 
READ_SURFACE_SENSORS 
31 
580 
7 
18.7 
21 
GET_AIRSPEED 
0 
0 
0 
0 
0 
GET_THROTTLE_SETTING 
49 
380 
2 
7.8 
16~~--~ 
GET_AILERON_POSITIONS: 
26 
120 
1.1 
4.6 
11 
GET_RUDDER_POSITION 
14 
60 
1.0 
4.3 
9 
GET_FLAP_POSTIONS 
12 
130 
9 
10.8 
34 
CALCULATE_FEASIBILITY: 
26 
300 
7 
11.5 
14 
REFRESH_PILOT_DISPLAY: 
2 
740 
38 
370.0 
702 
GET_PILOT_RESPONSE 
3 
190 
44 
63.3 
80 


SET_THROTTLE 
2 
80 
35 
40.0 
45 
SET_AILERONS 
3 
310 
33 
103.3 
168 
SET_RUDDER 
0 
0 
0 
0 
0 


SET_FLAPS 
11 
180 
11 
16.4 
19 
*Background* 
7 
28 
3 
4.0 
4 
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Duration-Mode 
Analysis: With the duration mode 


you can focus on timing information for one block of 
code or one interrupt-address pair. If you wish to 
determine how regularly a procedure meets perform- 
ance specifications for timing, duration mode will 
provide the answer. This mode also is useful when 
you want information on how widely response time 
varies between the arrival of an interrupt and the 
execution of a particular service routine. 


Duration mode collects data from repeated execu- 
tions of a specified block of code or interrupt-ad- 
dress pair. The data is then placed in a number of 
bins (selectable as 8,16, or 32 bins). You can select 
whether the bins have equal intervals or bin size in- 
creases logarithmically (use the latter when you ex- 
pect a wide variation in time values). 


Figure 5 shows a sample duration-mode default dis- 
play. It assumes that a user wishes to find out the 
variation in response time for a specific interrupt-ad- 
dress sequence. In this case, the user is interested 
in the elapsed time between an interrupt caused 


Mode: 
Event: 
Bin 
Range: 
PTIMEBASE: 
Type: 
Status: 


DURATION 
Interrupt 
to 
STOP_THRUST 
1 us 
to 
256 
us 


1 us 
Logarithmic 
OK 


by ground contact of an airplane's landing gear and 
the execution of the first statement in the procedure 
that controls thrust shutdown. The display shows, 
for example, that the bin for the elapsed time interval 
4 fJosto 7 fJosrecorded 17 instances of the interrupt- 
procedure execution pair. Note that in this case the 
performance specification indicated that elapsed 
time should never exceed 64 fJos,the duration dis- 
play shows that the current design does not meet 
the specification. 


Duration-Mode 
Displays: The default duration dis- 


play (as shown in Figure 5) provides a time histo- 
gram. A table display can also be selected. 


In duration mode, you are not restricted to learning 
only about timing that occurs between two events. 
You can also learn about timing that occurs outside 
the event pair-the 
demand for the event pair. Sup- 


pose, for instance, RAM memory in your operating 
system is currently filled, and you want to determine 
whether one of the processes stored there is used 
too infrequently to justify its placement in RAM. Col- 
lect data on this process using the duration mode. 
Then use the duration-mode OUTER display option. 


Example: This bar shows that on 17 occasions 
STOP_THRUST required between 4 and 7 p.S to ~ 
execute. 


SELECT 
HISTO 
INNER 
TIME 


frequency-> 
o 
4 
8 
12 
16 
20 
24 
Interval(us)+-------+-------+-------+--------+--------+--------+-------- 
< 1 
:. 


1 - 1 
: :.:::::::: 
••••••• 
..----....;...------.J 
2 - 3 
4 - 7 
8 - 15 
•••• 


16 
- 31 
32 
- 63 
64 - 127 
128 
- 256 
> 256 :-:-:-:. 


inter 


By doing so, you select a display of binned timing 
data that shows the distribution of the specified pro- 
cess's demand. If the process is infrequently used 
(contrary to original expectations), it could be moved 
to disk and RAM space made available for other, 
more frequently used, routines. 


The windowed-event-count mode counts how often 
a specified begin-end pair (window) is entered-and 
how often, once the window is entered, an interrupt 
occurs or a specified address is executed. (A count 
is also kept of how often the selected event occurs 
outside the window.) As with the duration mode, 
data is binned. The begin-end pair can be two ad- 
dresses (specified absolutely or symbolically) or an 
address and the occurrence of an interrupt. 


This mode is useful for obtaining refined count data. 
For example, if profile mode indicates that proce- 
dure A is using excessive time and that much of the 
time is attributable to procedure calls, you can use 


Mode: 
Window: 
Event: 
Bin 
Range: 
Type: 
Status: 


Interval 
< 
5 
5 - 9 
10 - 14 
15 - 19 
20 - 24 
25 - 29 
30 - 34 
35 - 39 
40 - 
44 
> 45 


WINDOW 
STOP_THRUST 
Interrupt 
5to44 
Linear 
OK 


Frequency-> 
o 
4 
:. 
:. 
:. 


this mode to get a better understanding of the situa- 
tion. Use procedure A as the window and the name 
of a procedure it calls (B) as the event of interest. 
Data will then be gathered and placed in bins. The 
resulting display will show the distribution of how of- 
ten procedure B is called each time procedure A is 
executed. Thus, you can see whether procedure B is 
the procedure causing procedure A to use so much 
time. 


Because the event is counted both inside and out- 
side the window, you can use this mode to deter- 
mine whether an undesired event occurs excessive- 
ly within a given block of code. If, for example, one 
procedure consumes too much time and you sus- 
pect that interrupts are occuring excessively during 
the procedure, use this mode to corroborate your 
suspicions. Specify the procedure as the window 
and interrupts as the event. Then display the results 
both for interrupts within the procedure and those 
outside the procedure. By comparing the two dis- 
plays, you can determine whether interrupt frequen- 
cy within the procedure is skewed. Figure 6 shows a 
sample display for interrupts that occur inside the 
window. 


Example: 
This bar shows that for 15 executions 
of 


STOP_THRUST, 
Interrupts 
inside of 
STOP_THRUST 
occurred 
between 
25 and 29 times. 


SEL:ECT 
HISTO 


INNER 
COUNT 


inter 


As with the duration mode, you can select the granu- 
larity of data collection for the windowed-event- 
count mode (8, 16, or 32 bins), and you can specify 
linear or logarithmic binning. 


Linkage mode has two options, the many-to-one op- 
tion and the many-to-many option. Both options al- 
low you to focus on inter-procedure activity. 


Many-to-one 
Option: With this linkage option, you 


can focus on one procedure or block of code (the 
one) and determine its linkage to other procedures 
or blocks of code (the many) that call it. 


For example, suppose that profile mode has re- 
vealed procedure SCALE_DISTANCE to be using 
excessive time and is called often (see Figure 7). If 
many of the calls to it are from one or two proce- 
dures, to improve execution speed SCAlE_DIS- 
TANCE could be optimized and moved in line into 
the procedures that call it often. The many-to-one 
option can help in this case. You simply enter the 
PAT LINKAGE analysis command and specify the 


Mode: 
PTIMEBASE: 
Status: 
To 
(0): 


LINKAGE 
(many-to-one) 


100us 
OK 
SCALE-DISTANCE 


: O-Count 
: M-Count 
0.0 


DRAW_MAP 
DRAW_FLIGHT-PATH 
DRAW_OTHER_ACRFT_PATH: 
DRAW_GRND_TURBULANCE 
: 
DRAW_DISTANCE_MARKERS: 


10.2 
1.6 
0.7 
1.4 
6./1 


names of the procedure that call SCAlLDIS- 
TANCE (the many) and specify SCAlLDISTANCE 
as the one. Then, when the program is executed, 
appropriate count and time data is collected. Figure 
7 shows a sample count histogram display for the 
many-to-one option. For each of the calling proce- 
dures, Figure 7 shows the average number of invo- 
cations of SCALE_DISTANCE. We see that proce- 
dure 
DRAW_MAP, 
on 
the 
average, 
invokes 


SCAlLDIST 
ANCE 10.2 times. 


The many-to-one display can also be changed to a 
time histogram (showing, for each of the many pro- 
cedures, the average time the one procedure uses) 
or to a table. 


Many-to-Many 
Option: 
This linkage option allows 


you to collect information on the linkage between 
many event pairs. 


In the other modes, you cannot use an interrupt or 
the same address to specify both members of an 
event pair. For the many-to-many option, there is no 
such restriction. Thus, with this option you can col- 
lect timing and count information on recursive proce- 
dures and interrupt-to-interrupt activity. 


Example: 
This bar shows that DRAW_MAP 


Invokes SCALE_DISTANCE 
10.2 times, on the 


average 
- 
more times than any other procedure. 


Note that the label "0" stands for One and "M" 
stands for Many. 


:- 
:.:- 


The iPAT software is integrated with the emulator 
software. For example, iPAT command options are 
integrated in the emulator syntax menu at the bot- 
tom of the screen. 


In addition, the emulator LITERALLY command can 
be used to abbreviate frequently used commands. 
The history buffer is also available to retrieve previ- 
ous commands. 


As already noted, the iPAT analyst requires only one 
command line to set up an analysis-mode (PAT 
INID and one to request a data display (PAT DIS- 
PLAY). There are also six display pseudo-variables 
used to set display options: SHOW, ASS, SELECT, 
FILTER, SORT, and HISTO. 


Users can save test-coverage data collected for 
subsequent reviewing. The command PAT SAVE 
saves coverage data to a user-specified file; the 
command RECALL enables you to restore the file 


Displays for all modes can be saved to a file using 
the emulator LIST command. 


To speed command entry, you can create registers 
that save frequently used commands. Then use the 
names of the desired registers with your analysis 
and display commands. 


The emulator's screen editor can be used to exam- 
ine and modify source code that the iPAT analyst 
has pinpointed as needing improvement. 


SPECIFICATIONS 
FOR iPATTM AN 


121CETMSYSTEM 


Host Requirements 


Intel Series III or Series IV development system; or 
an ISM PC XT or PC AT system 


At least 512K bytes of RAM (of which 384K bytes 
must be available for the iPAT1121CEsystem soft- 
ware) 


Example: This line shows how often Interrupts 
occur 
and provides 
timing information 
about the Intervals 
between Interrupts. 
In this ca88 220 interrupts 
occurred; 
the average Interrupt-ta-Interrupt 
time 
interval was 250 p,S. 


Mode: 
LINKAGE 
(many-to-many) 


Timebase: 
1Dus 
Status: 
OK 


DRAW_MAP 
DRAW_MAP 


INTERRUPT 
INTERRUPT 


SELFLAPS 
SELRUDDER 


SELFLAPS 
SELAILERONS 


Available 
serial channel 
that operates 
at 300, 1200, 
9600, or 19200 baud. (For a Series IV host, the avail- 
able channel 
must be the lEU channel 
and, to use 


the iPAT analyst 
at baud rates greater 
than 300, an 


SPU board 
must be installed.) 


121CETMSystem Requirements 


Version 
1.7 (or greater) 
probe software 


iPAT software 
does not support 
121CEsystem opera- 


tion with the Intel Logic Timing 
Analyzer 
(iLTA) and 


iLTA software 
does not support 
iPAT operation. 


After 
the iPAT analyst 
interface 
board 
is installed, 


space 
is available 
in the 121CEsystem 
instrumenta- 


tion chassis 
for only one optional 
board. 
(Thus the 


user can install only one optional 
high-speed 
(OHS) 


memory 
board.) 


Only 
one 
iPAT 
analyst 
will 
function 
in a multiple- 


probe 
121CEsystem. 


iPATTM Analyst Software 


121CEhost software 
that includes 
iPAT software 


System Performance 


Address 
Range Specification: 
Address 
ranges can 


be specified 
symbolically 
(for code compiled 
by Intel 


compilers) 
or with 
absolute 
addresses. 
Addresses 


anywhere 
within 
processor 
address 
space 
can 
be 


used. 


Speed: 
The 
iPAT 
analyst 
captures 
instruction 
ad- 


dresses 
at full processor 
speeds 
(however, 
when us- 


ers specify 
many short 
intervals 
that are frequently 


executed, 
iPAT processing 
overflow 
may occur). 


Tlmebase: 
Data collection 
timebase 
selectable 
as 


200 ns, 1 /Jos,10 /Jos,or 100 /Jos. 


Display 
Updates: 
Users can specify 
how frequently 


.(in seconds) 
displays 
are updated. 


Status: 
If time-count, 
bin-count, 
or FIFO 
overflow 


occurs, 
the display 
indicates 
the overflow. 


Profile 
Mode: 
Collects 
time 
and count 
information 


on specified 
entry-exit 
pairs. Permits specification 
of 


125 entry-exit 
pairs when calls to other 
procedures 


are included 
in data collection 
and a minimum 
of 63 


pairs when 
calls 
are excluded. 
Data collection 
can 


focus 
on modules, 
procedures, 
lines, 
absolute 
ad- 


dress 
pairs, or interrupt-address 
pairs. Displays 
are 


selectable 
as histograms 
or tables; 
data 
displayed 


can be sorted 
by address, 
count, 
or time. 


Coverage 
Mode: Provides 
up to 252K bytes of cov- 


erage, mappable 
anywhere 
within the processor 
ad- 


dress space. 
Results 
are displayed 
in a table; 
users 


can select whether 
the table shows modules, 
proce- 


dures, or lines executed 
(and/or 
not executed). 


Linkage 
Mode: The linkage 
mode has two options: 


Many-to-one 
Option: Collects 
count and time data 


about interaction 
of one specified 
entry-exit 
pair with 


respect 
to other 
specified 
entry-exit 
pairs. 
Permits 


specification 
of 63 entry-exit 
address 
pairs 
for the 


many and one entry-exit 
address 
pair for the one. 


Displays 
are 
selectable 
as 
histograms 
or 
tables; 


data displayed 
can be sorted 
by address, 
count, 
or 


time. 


Many-to-Many 
Option: 
Collects 
count 
and 
time 


data on one or more pairs of events. 
Permits specifi- 


cation of 63 event pairs; each member 
of a pair can 


be an address 
or interrupt. 
Measurements 
of recur- 


sion and interrupt 
to interrupt 
are supported. 
Display 


is a table. 


Modes that Organize 
Data Into Bins: The following 


two iPAT modes 
organize 
collected 
data 
into bins. 


Users can select 
bin granularity 
(8, 16, or 32 bins) 


and the highest and lowest values for the outer bins. 
Users 
can 
also 
select 
whether 
bin 
intervals 
are 


equal or increase 
logarithmically. 


Windowed-Event 
Count 
Mode: 
Collects 
count 


data concerning 
an event that occurs within a speci- 


fied window. 
Permits 
selection 
of the window 
entry- 


exit pair as an address 
pair, interrupt-address 
pair, or 


address-interrupt 
pair. The event selected 
can be an 


address 
or an interrupt. 
Resulting 
binned count data 


can be displayed 
as a histogram 
or table. 


Duration 
Mode: Collects 
time information 
for a se- 


lected 
entry-exit 
pair. Permits 
selection 
of an entry- 


exit pair as an address pair, interrupt-address 
pair, or 


address-interrupt 
pair. Resulting 
binned timing infor- 


mation 
can be displayed 
as a histogram 
or table. 


inter 


Target-Interface Board (to be 
installed in 121CEsystem 
instrumentation chassis): 


Length 
30 cm (12 in) 


Width 
30 cm (12 in) 


iPAT Core Module: 


Length 
35 cm (13% in) 


Width 
21 cm (8% in) 


Height 
4 cm (1%in) 


iPAT Power supply: 


Length 
28 cm (11 in) 


Width 
11 cm (4% in) 
Height 
19 cm (7% in) 


Power-supply-to-core DC power cable: 1.8 m (6 ft), 
10 conductor 


Emulation-clips jumper cable: 20 cm (8 in), 40 con- 
ductor 


Execution-trace jumper cable: 10 cm (4 in), 60 con- 
ductor 


iPAT·to-emulator cable: 0.9 m (36 in), 60 conductor 


RS232 serial cable (for connecting the iPAT core to 
the host system): 3.7 m (12 ft). This cable is shipped 
with the iPAT software. 


Electrical Characteristics 


Selectable AC power source: 100V. 120V, 220V, 
240V 


2 amps (AC) at 100V or 120V. 1 amp at 220V or 
240V 


Environmental 
Requirements 


Operating Temperature: 10·C to 40·C (50· to 104·F) 
Operating Humidity: Maximum of 85%' relative hu- 


midity, non-condensing 


ORDERING 
INFORMATION 
Order Code Description 
iPATCORE 
iPAT core unit that supports Intel 8- 
and 16-bit microprocessors. It must 
be used with the appropriate emulator 
target interface, cables, and software. 


iPATa6PC 
iPAT-12ICE system target 
iAterface, 


cables, and DOS software for IBM PC 
AT and PC XT host 


iPAT86S3 
iPAT-12ICE system target interface, 
cables, and ISIS software for Series III 
host 
iPAT86S4 
iPAT-12ICE system target 
interface, 


cables, and iNDX software for Series 
IV host 
iPAT86DOS 
iPAT DOS software (for use with IBM 
PC AT and PC XT hosts) and serial 
cables 


iPAT86NDX 
iPAT Series IV (iNDX) software and 
serial cable 
iPAT861SS 
iPAT Series III (ISIS) software and se- 
rial cable 


inter 
121CETMIntegrated Instrumentation 


and In-Circuit Emulation System 


• Provides 
Real-Time 
In-Circuit 
Emulation 
• Supports 
Common 
Memory 
between 
• Offers 
Symbolic 
Debugging 
Capabilities 
Processors 
without 
Any User System 


- 
Accesses 
Memory 
Locations 
and 
Hardware 


Program 
Variables 
(Including 
• Offers 
a Performance 
Analysis 
Tool 
Dynamic 
Variables) 
Using Program- 
(iPATTM Analyst) 


Defined 
Names 
• Maps User Program 
Memory 
into a 
- 
Maintains 
a Virtual Symbol Table 
Maximum 
of 288K Zero-Wait-State 
RAM 
- 
Source 
Code Display at Breakpoints 
(Zero Wait-States 
to 10 MHz) 
• Offers 
Multi-Condition, 
Multi-Level, 
• Maps User I/O to Console 
or to 
Multi-Probe 
Break and Trace Capability 
Debugging 
Procedures 
• Provides 
Built-In AEDIT 
Editor to Allow 
• Provides 
Disassembly 
and Single-Line 
Editing of Development 
System 
Files 
Assembly 
to Help with On-Line 
Code 
without 
Exiting from 121CEOperation 
Patching 
• Provides 
Low Cost Conversions 
Among 
• Common 
Human Interface 
Provided 
by 
8086,8088,80186,80188 
and 80286 
the PSCOPE-86 
Debugging 
Language 
Microprocessors 
and the 121CECommand 
Language 
• Simultaneously 
Controls 
up to Four 
• Uses Integrated 
Command 
Directory, 
Microprocessors 
for Debugging 
ICDTM, for Command 
Syntax 
Directlonl 
MUltiprocessor 
Systems 
for a Single 
Correction 
to Ease Debug Operations 
Work Station 


The Intel Integrated 
Instrumentation 
and In-Circuit 
Emulation 
(12ICETM)system aids the design of systems 
that 
use the 8086, 8088, 80186, 80188 and 80286 microprocessors. 
The 121CEsystem 
combines 
symbolic 
soft- 
ware debugging, 
in-circuit 
emulation, 
and the optional 
Intel Performance 
Analysis 
Tool (iPAT analyst). 
Support 
features 
for the 8087 and 80287 coprocessors 
are also 
included. 
For the 8086/8088, 80186/80188, 
and 
80286 processors, 
the 121CEsystem supports 
programs 
written 
in C, PLlM, 
FORTRAN, 
Pascal, and assembly 
language. 
Up to four 121CEinstrumentation 
chassis 
can be hosted 
by one of Intel's 
Intellec@ microcomputer 
development 
systems 
or by an IBM· 
PC AT or PC XT. 


inter 


The 121CEsystem hardware consists of the host in- 
terface board, the 121CEinstrumentation chassis, the 
emulation base module, the emulation personality 
module, a host/chassis cable, inter-chassis cables 
(for multiple chassis systems), a user cable, optional 
high-speed memory boards, and an optional per- 
formance analyzer. The 121CEsystem software con- 
sists of 121CEhost software, 121CEprobe software, 
confidence tests, PSCOPE-86, and optional iPAT 
analyst software. Table 1 shows elements of the 
121CEsystem. 


The host interface board resides in the host devel- 
opment system. A cable connects the host interface 
board to the 121CEinstrumentation chassis. Another 
cable connects the 121CEinstrumentation chassis to 
the buffer box. 


The instrumentation chassis contains high-speed 
zero-wait-state emulation memory, break-and-trace 
logic, memory and I/O maps, and the emulation 
clips assembly. 


The chassis may also contain the optional perform- 
ance analyzer and optional high-speed memory. 
High-speed mell)ory is expandable from 32K bytes 
to 288K bytes in 128K increments. 


The buffer box contains the emulation personality 
module. This module configures the 121CEsystem 
for a particular iAPX microprocessor. The user cable 
connects the buffer box to user prototype hardware. 


The host development system may host up to four 
121CEinstrumentation chassis. Each chassis may 
have its own buffer box, user cable, emulation clips, 
optional high-speed memory boards, and perform- 
ance analyzer. 


To ensure proper emulation of a host target system, 
consider the following: 
• Each 121CEsystem probe has specific timing pa- 


rameters that differ from the chip which the probe 
emulates. Hence, a customer design that follows 
the chip's timing specifications may not work with 
the 121CEsystem probe. The target system may 
have to be modified slightly to account for the dif- 
ferences in timing between the probe and the chip. 
See the probe waveform section in this data sheet 
for timing differences. 
• Target system noise and signal margins and tim- 
ings are a critical consideration for emulation at 
speeds beyond 6 MHz. Typical solutions used to 
reduce target system noise such as RC networks 
and series resistor terminations could cause unac- 


ceptable timing degradation. Consequently, Intel 
recommends that wirewrap target boards be care- 
fully designed for emulation with the 121CEsystem. 
Printed circuit boards should be used because of 
the superior signal transmission characteristics. All 
target systems must have power and ground 
planes, decoupling capacitors, and signal lines 
layed out according to correct design techniques. 
For an introduction to proper design, see Applica- 
tion Note 125, Designing Microcontroller Systems 
for Electrically Noisy Environments, Order Number 
210313. 
• The 121CEsystem depends on a target system 


clock signal to run the internal probe circuitry. To 
run the internal probe circuitry, the clock signal 
must satisfy two criteria. The target system clock 
must meet the voltage levels defined in this data 
sheet and it must also exceed the TTL logic family 
minimal noise and ringing specifications. This is 
necessary since the signal must travel up the user 
cable and through data buffers to reach the probe 
circuitry. The 121CEsystem is designed to minimize 
the capacitive, noise, and chip delay associated 
with this path, but these effects worsen timings 
and amplify target system noise that may exist. 


Resource 
Borrowing 


The 121CEsystem memory map allows the prototype 
system to borrow memory resources from the 121CE 
system. 


If prototype memory is not yet available, the user 
program may reside in 121CEmemory. Because this 
memory is RAM, changes can be made quickly and 
easily. For 
example, 
if 
the 
prototype 
contains 


EPROM, it does not need to be erased and repro- 
grammed during development. 


Later, as prototype memory becomes available, the 
verified user program can be reassigned, memory 
block by memory block, to prototype memory. 


The 121CETM System Memory Map 


The 121CEsystem can direct (map) an emulated mi- 
croprocessor's memory space (the user program 
memory) to any combination of the following: 
• High-speed 121CEsystem memory-this 
consists 


of 32K bytes of programamble wait-state memory 
(programmable from 0 to 15). This memory re- 
sides in the 121CEsystem chassis on the map-I/O 
board. 
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Name 
Description 


Host Development 
Required 
for all applications. 
Use one of the following: 


System 
• Intellec Series III development 
system 


• Intellec Series IV development 
system 


, 
• IBM PC AT or PC XT (with 512K bytes of available 
memory and version 3.0 of 


PC DOS) 


• IBM 50 system (available 
in Japan; features 
kanji) 


Name 
Description 


Host-to-12ICE System 
Required for communication 
between 
the host and the 121CEsystem. 


Interface 
Board, Cable, 
• MUL TIBUS@ bus interface 
board for Series III and Series IV (product 
code 
and Host Software 
111520) 
• Host-to-12ICE system cable for the Series III and Series IV (product 
code 
111530or 111531) 


• 121CEsystem host software 
for the Series III and Series IV (product 
code 


111951A,B, orC) 
• Package with PC host interface 
board, cable and PC DOS version of 121CE 


host software 
(product 
code 111520AT954D) 


Instrumentation 
Chassis 
Required 
for real-time 
microprocessor 
emulation, 
break and trace capability, 
and 
and Emulation 
Module 
memory and I/O capability. 
• Instrumentation 
chassis (product 
code 111514B)has four board slots: 


1 slot for break/trace 
board 
1 slot for map-I/O 
board 
2 slots for 1 (or 2) optional 
high-speed 
memory board(s) 
and/or 
1 optional 
logic timing analyzer 
board 


• Maximum 
of four chassis for multi-probe 
applications 


• Emulation 
module (product code 111620)includes 
break/trace 
board, map-I/O 
board, and buffer base box 


Emulation 
Personality 
Required for emulation 
of specific 
microprocessors: 
8086/8088, 
80186/80188, 


Module 
(Probe) and Probe 
or 80286. 
Software 
• Module includes 
personality 
board, buffer box cover, and user cable 
• Series III or IV: Order probe and probe software 
separately 
• PC host: Probe and probe software 
packaged 
together 


Intel Performance 
Analysis 
Used to optimize 
code execution 
speed and control and to improve software 
Tool (iPAT Analyst) 
reliability. 
• Complete 
with sytem software, 
power supply, core module, iPAT-to-12ICE 
interface 
board, and cables 


Optional 
High-Speed 
Required for memory expansion. 


Memory 
Board (OHS) 
• 128K bytes of programmable 
(0 to 15) wait-state 
memory 


• One or two boards mount in the instrumentation 
chassis 


• 
Optional 
high-speed 
121CEmemory-this 
consists 
of up to 256K 
bytes of programmable 
wait-state 


memory 
(0 wait-states 
up to 10 MHz). This mem- 
ory resides in the 121CEsystem chassis 
on one or 


two 
optional 
high-speed 
memory 
boards 
(128K 


bytes each). 


• 
MUL TIBUS~ 
bus memory 
(host 
system 
memo- 
ry)-this 
resides 
in the host development 
system 


itself. 
(Any amount 
of unused 
host memory 
can 


be used in 1K increments.) 
Note that this feature 


is not available 
for a PC host. 


• 
User memory-this 
resides 
in the user prototype 


hardware. 


When a user program 
runs in 121CEmemory 
or user 


memory, 
the 121CE system 
emulates 
in real time. A 


memory 
access 
to MUL TIBUS bus memory, 
howev- 


er, 
inserts 
approximately 
25 
wait-states 
into 
the 


memory 
cycle. 


Access Restrictions 


In addition 
to directing 
memory accesses, 
the follow- 
ing access 
restrictions 
can be specified. 


• 
Read-only-the 
121CE system 
displays 
an error 


message 
if a user program attempts 
to write to an 


area 
of 
memory 
designated 
as read-only. 
The 


user can, however, 
write to a read-only 
area with 


121CEsystem 
commands. 


• 
Read/write, 
no verify-normally, 
the 
121CE sys- 


tem performs 
a read-after-write 
verification 
after 


program 
loads 
and after writing 
to memory 
with 


an 
121CE system 
command. 
The 
121CE system 


can suppress 
this verification. 
For example, 
if a 


prototype 
has memory-mapped 
I/O, 
a verifying 


read may change 
the state of the I/O device. 


• 
Guarded-initially, 
the 
121CE system 
puts 
all 


memory 
in a guarded 
state. Neither the user pro- 


gram 
nor 
the 
121CE system 
user 
can 
access 


guarded 
memory. 


The 121CETM System 1/0 Map 


The 121CEsystem 
can direct 
(map) an emulated 
mi- 


croprocessor's 
I/O 
space 
to the host development 


system's 
console, 
to the 
prototype 
system, 
to de- 


bugging 
procedures, 
or to a combination 
of these. 


inter 


SIMULATING 
I/O 
WITH 
THE HOST 


DEVELOPMENT 
CONSOLE 


Suppose a user program requires input from an I/O 
device not yet part of the prototype. Map the input 
port range assigned to that device to the host devel- 
opment system's console. Then, when the user pro- 
gram requires input, it halts and the 121CEsystem 
console displays a message requesting the data. 
When you enter the required data at the keyboard, 
the user program continues. 


SIMULATING 
I/O 
WITH 
121CETIotSYSTEM 


DEBUGGING 
PROCEDURES 


Procedures that supply the needed input data can 
be written in the 121CEsystem command language. 
When setting up the I/O map, the user specifies that 
the I/O procedure is invoked when certain I/O ports 
are accessed. 


I/O ports are mapped in blocks of 64 byte-wide 
ports or 32 word-wide ports. A total of 64K byte-wide 
ports or 32K word-wide ports can be mapped. 


With symbolic debugging, a memory location can be 
referenced by specifying its symbolic reference. A 
symbolic reference is a procedure name, line num- 
ber, or label in the user program that corresponds to 
a location in the user program's memory space. 


TYPICAL 
SYMBOLIC 
FUNCTIONS 


Symbolic functions include: 


• Changing or inspecting the value and type of a 


program variable by using its program-defined 
name, rather than the address of the memory lo- 
cation where the variable and a hexadecimal val- 
ue for the data are stored. 


• Defining break and trace events using source- 
code symbols. 


With symbolic debugging, the user can reference 
static variables, dynamic (stack-resident) variables, 
based variables, and record structures combining 
primitive data types. The primitive data types are 
ADDRESS, BOOLEAN, BYTE, BCD, CHAR, WORD, 
DWORD, SELECTOR, POINTER, three INTEGER 
types, and four REAL types. 


THE VIRTUAL 
SYMBOL 
TABLE 


The 121CEsystem maintains a virtual symbol table 
for program symbols; that is, the entire symbol table 
need not fit into memory at the same time. (The size 
of the virtual symbol table is constrained only by the 
capacity of the storage device.) 


The 121CEsystem divides the symbol table into 
pages. If a program's symbol table is large, the 121CE 
system reads only some of the symbol table pages 
into memory. When the user references a variable 
whose symbol is not currently defined in memory, 
the 121CEsystem reads the needed symbol table 
page from disk into memory. 


Breakpoint, 
Trace, and Arm 


Specifications 


With 121CEcommands, breakpoint, trace and arm 
specifications can be defined. 


Breakpoints allow halting of a user program in order 
to examine the effect of the program's execution on 
the prototype. With the 121CEsystem, a breakpoint 
can be set at a particular memory location or at a 
particular statement in a user program (including 
high-level language programs). A break can also be 
set to occur when the user program enters or ac- 
cesses a specified memory partition or reads or 
writes a user program variable. When the user pro- 
gram resumes execution, it picks up from where it 
left off. 


Normally, the 121CEsystem traces while the user 
program executes. With a trace specification, how- 
ever, the user can choose to have tracing occur only 
when specific conditions are met. 


An arm specification describes an event or combina- 
tion of events that must occur before the 121CEsys- 
tem can recognize certain breakpoint and trace 
specifications. Typical events are the execution of 
an instruction or the modification of a data value. 


The 121CEsystem command language allows you to 
specify complex, multilevel events. For example, you 
can specify that a break occurs when a variable is 
written, but only if that write occurs within a certain 
procedure. The execution of the procedure is the 
arm condition; the variable modification is the break 
condition. The 121CEsystem command language al- 
lows users to specify complex events with up to four 
states with four conditions and to use such events 
as arm, break, or trace conditions; a specified num- 
ber of events can be used as a condition. 


With the source display commands, a user can cor- 
relate a module under debug to a source code file. 
Then, when breakpoints are encountered, source 
text is displayed along with the break message and 
the line number of the breakpoint. The number of 
source code lines displayed before and after a 
breakpoint can also be defined. 
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Coprocessor 
Support 


The 8086/8088 emulation personality module pro- 
vides transparent RQ/GT and MN/MX pin emulation 
to support real-time prototype systems that use the 
8087 as a coprocessor. The 8086/8088 (and the 
80186/80188) 
emulation personality module also 


provides debugging features specific to the 8087. 
121CEsystem commands provide access to the 
8087's stack, status registers, and flags. The 121CE 
system's disassembly and trace features extend to 
8087 instructions and data types. 


The 80186 and 80286 emulation personality mod- 
ules also allow the prototype hardware to contain 
coprocessors. The 80186 probe can qualify break 
points and collect trace information when the co- 
processor drives the status lines (SO-52) in the pre- 
scribed manner. The 80286 personality module al- 
lows the hardware to contain the 80287 processor 
extension 
and 
provides 
special 
debugging fea- 
tures-the 
user can enable and disable the 80287 


and change and examine its registers. 


DEBUGGING 
WITH THE 121CETM 


SYSTEM 


The 121CEsystem allows both hardware and soft- 
ware debugging (see Figure 1). 
• Software debugging-12lCE 
system commands 


permit symbolic debugging of user programs writ- 
ten in high-level languages as well as assembly 
language. By looping the user cable back into the 
buffer box, a user program can be debugged 
even if no prototype hardware is present. In a 
multi-probe environment, the 121CEsystem can 
map common memory from the host develop- 
ment system and support semaphore operation 
even with no user system prototype hardware. 
This feature makes possible detailed debugging 
of multi-processor software before the hardware 
is available. 
Additionally, as code is being developed, prelimi- 
nary analyses can be made with the optional 
iPAT analyst. You can also use the 121CEsystem 
and the iPAT analyst to analyze program execu- 
tion under different target system conditions. This 
can be accomplished by setting up target system 
conditions in the 121CEsystem and running the 
program with the iPAT analyst activated. 
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• 
Hardware 
debugging-the 
121CEsystem 
is a real- 


time, in-circuit 
emulator. 
Trace data are collected 


in real time, and 121CEsystem 
software 
does not 


intrude 
into user program 
space. 


The usefulness 
of an 121CEsystem extends 
through- 


out the development 
cycle, 
beginning 
with the sym- 


bolic 
debugging 
of prototype 
software 
and 
ending 


with the final integration 
of debugged 
software 
and 


prototype 
hardware. 


PSCOPE-86 
is a high-level 
language, 
symbolic 
de- 


bugger, 
designed 
for use with Pascal-86, 
PLlM-86, 


and FORTRAN-86. 
It is a separate 
product 
included 


with the Series III and Series IV versions 
of the 121CE 


system; 
it runs 
in the 
host 
development 
system. 
PSCOPE-86 
is field-proven, 
familiar 
to Intel custom- 


ers, 
and 
suited 
for 
the 
debugging 
of applications 


software 
when the hardware 
capabilities 
of the 121CE 


system 
are not needed. 
The PSCOPE-86 
and 121CE 


command 
languages 
are 
similar. 
(Note 
that 


PSCOPE-86 
is available 
as an option 
for use with 


the PC AT or PC XT.) 


Designing 
a product 
that contains 
a microcomputer 


requires 
close 
coordination 
of hardware 
and 
soft- 


ware 
development. 
A typical 
design 
process 
takes 


advantage 
of 
both 
the 
121CE 
system 
and 


PSCOPE-86. 
Use 
PSCOPE-86 
for debugging 
soft- 
ware before 
downloading 
the software 
into a target 


environment; 
use the 
121CE system 
for debugging 


and emulation 
of the target 
system. 


THE 121CETMSYSTEM 
COMMAND 


LANGUAGE 


The 
syntax 
of 121CE system 
commands 
resembles 


that 
of 
a 
high-level 
language. 
The 
121CE system 


command 
langauge 
is versatile 
and powerful 
while 


remaining 
easy to learn and use. 


The Integrated 
Command 
Directory 
(ICDTM) assists 


users with command 
syntax. 


• 
The 
ICD directory 
directs 
the 
user 
in choosing 


commands 
from 
a display 
on the bottom 
line of 


the screen. 
As commands 
are entered, 
the bot- 


tom 
line indicates 
syntax 
elements 
available 
for 
use in the commands. 


• 
The ICD directory 
flags syntax 
errors. 
Syntax 
er- 
rors are flagged 
as they occur 
(rather 
than after 


the carriage 
return is pressed). 


• 
The ICD directory 
provides 
on-line 
help with the 


HELP command. 


Automatic 
expansion 
of LITERALLY 
expressions 
is 


available. 
When the feature 
is activated, 
each char- 


acter string defined 
by a LITERALLY 
definition 
is au- 


tomatically 
expanded 
to its full length. 


The 121CEcommand 
language 
deals with user-creat- 


ed debugging 
objects. 
By manipulating 
debugging 


objects, 
the user can streamline 
complex 
debugging 


sessions. 


Debugging 
objects 
are uniquely 
named, 
user-creat- 


ed, software 
constructs 
that the 121CEsystem 
uses 


to 
manage 
the 
debugging 
environment. 
The 
four 


types 
of debugging 
objects 
are: debugging 
proce- 


dures, 
LITERALLY 
definitions, 
debugging 
registers, 


and debugging 
variables. 
In the following 
examples, 


121CEsystem 
keywords 
are shown 
in all caps. 


• 
Debugging 
procedures 
(named 
groups 
of 121CE 


system 
commands) 
can 
simulate 
missing 
soft- 


ware or hardware, 
collect 
debugging 
information, 


and make 
troubleshooting 
decisions. 
For exam- 


ple, consider 
a debugging 
procedure 
(called 
Inlt) 


that simulates 
input from I/O ports 2 and 4. 


The procedure 
and MAPIO 
command 
are given 


first, followed 
by an explanation. 


·DEFINE PROCEDURE 
init = DO 


.·IF %0=2 
THEN 
••·PORTDATA=lOOT 
••·ELSE IF %0=4 
THEN 


•••·PORTDATA=65T 
•••·END 
••·END 
·END 
'MAPIO 0 LENGTH 
64K ICE 
(init) 


Whenever 
the MAPIO command 
maps I/O ports 


to an 121CEsystem 
procedure, 
three 
parameters 


are made available 
to the procedure 
(even if the 


procedure 
does not use them): %0, % 1, %2. The 


parameter 
%0 
passes 
the 
port 
number; 
% 1 


passes 
a Boolean 
value 
that 
indicates 
whether 


read or write I/O activity will occur, and %2 pass- 
es a Boolean 
value 
that 
indicates 
whether 
the 


I/O is a byte-wide 
or a word-wide 
port. PORTDA- 


TA is a pseudo-variable 
that contains 
the actual 


port data. This procedure 
specifies 
that if port 2 is 


used, 
the 
procedure 
returns 
100 (base 
ten); 
if, 


however, 
port 4 is used, the procedure 
returns 65 


(base ten). 


• 
LITERALLY 
definitions 
are shorthand 
names 
for 


previously 
defined 
character 
strings. 
LITERALLY 


definitions 
can save keystrokes 
and improve 
clar- 
ity. For example, 
here is the definition 
of a L1TER- 


ALL Y that saves keystrokes. 
This LITERALLY 
al- 
lows the user to type DEF for DEFINE. 


inter 


"DEFINE LITERALLY 
DEF = "DEFINE" 
These definitions may be saved to disk and auto- 
reloaded. In addition, an automatic LITERALLY 
expansion feature can be turned on and off. 
• Debugging registers are user-created, software 


registers that hold arm, breakpoint and trace 
specifications. The 121CEsystem can be ordered 
to emulate the user program and specify one or 
more debugging registers. There is no need to re- 
enter the specification for each emulation. For 
example here is the definition of a debugging reg- 
ister called pay that contains a trace specifica- 
tion. This example takes advantage of the previ- 
ous LITERALLY definition. 


·DEF TRCREG 
pay = 
:cmaker.payment 


To emulate a user program and trace only during 
the procedure payment, specify the debugging 
register pay as part of the GO command. 


·GO USING 
pay 
• Debugging variables are user-created variables 


used with 121CEsystem commands. For example, 
here is the definition of a debugging variable 
called begin. Its type is POINTER. 


"DEFINE POINTER 
begin = 0020H:0006H 


During a debugging session, the user can set the 
execution point to this pointer value by typing: 


"S=begln 
The 
121CE system 
pseudo-variable $ 
repre- 


sents the current execution point. 


Example of a Debugging 
Session 


Figures 2, 3, and 4 illustrate some of the key capabil- 
ities of the 121CEsystem. The user program is written 
in Pascal-86. It was compiled, linked, and located on 
an Intellec Series III development system. The re- 
sulting file consists of absolute code and is called 
CMAKER.86. Figure 2 shows the Pascal listing; Fig- 
ure 3 shows a sample debugging session; and Fig- 
ure 4 briefly explains the debugging steps shown in 
Figure 3. 


The CMAKER.86 program controls an automatic 
changemaker. The program reads the amount ten- 
dered (the variable paid) and the amount of the pur- 
chase (the variable purchase). 
It calculates the 


coins needed for change and asserts control signals 
to a change release mechanism by writing an output 
port. Each of the lower four bits of the output port 
controls the release of a different coin denomina- 
tion. 


3 
0 


~ 


a = quarters 
0= 
dimes 


N = nickels 
P = pennies 


121CETMSystem 
Command 
Functions 


The 121CEsystem command language contains a 
number of functional categories. 
• Emulation commands-the 
GO command 
in- 


structs the 121CEsystem to begin emulation. The 
user can also command the 121CEsystem to 
break or trace under certain specified conditions. 


• Utility commands-these 
are general purpose 


commands for use in a debugging environment. 
For example, one use of the EVAL command is to 
calculate the nearest source-code line number 
that corresponds to the address of an assembly 
language instruction. The PRESRC command 
can be used to display a specified number of 
source code lines preceding a breakpoint. The 
HELP command provides on-line assistance. The 
EDIT command invokes a menu-driven text editor 
(AEDIT) that allows updating of debugging object 
definitions and editing of development system 
files without exiting the 121CEsystem. The shell 
escape command 0 enables access to the DOS 
operating system without exiting the 121CEsystem 
(DOS host specific). A command line editor and 
history key are also provided. 


• Environment commands-these 
are commands 


that set up the debugging environment. For ex- 
ample, the MAP command sets up the memory 
map. Another 
environment 
command 
(WAIT- 


STATE) inserts wait-states into memory access- 
es, allowing the simulation of slow memories. 


• File handling commands-these 
are commands 


that access disk files. Debugging object defini- 
tions can be saved in a disk file and loaded in 
later debugging sessions. Debugging sessions 
can also be recorded in a disk file for later analy- 
sis. 
• Probe-specific commands-these 
are commands 


whose effects are different for different probes. 
For example, the PINS command displays the 
state of selected signal lines on the current 
probe. 


• Option-specific 
commands-these 
are 
com- 


mands that control an optional test/measure- 
ment device, such as the performance analysis 
tool. 


SERIES-III Pascal-86. V2.0 
Source File: CMAKER.SRC 
Object File: CMAKER.OBJ 
Controls Specified: XREF, DEBUG, TYPE 


STMT 
LINE 
NESTING 
SOURCE TEXT: MAKER.SRC 


1 
1 
0 
0 
PROGRAM cmaker; 
2 
2 
0 
0 
VAR change, coins 
:integer; 


3 
3 
0 
0 
quarters,nickels,dimes.pennies 
:integer; 


4 
4 
0 
0 
paid,purchase 
:word; 


5 
6 
0 
0 
PROCEDURE 
payment; 
6 
7 
1 
0 
VAR numberofcoins 
:integer; 


7 
8 
1 
0 
release 
:word; 


8 
9 
1 
0 
BEGIN 
("payment") 


8 
10 
1 
1 
numberofcoins: 
= quarters + dimes + nickels + pennies; 


9 
11 
1 
1 
while numberofcoins < > 0 do 


10 
12 
1 
1 
BEGIN 


10 
13 
1 
2 
release: = 0; 
11 
14 
1 
2 
if quarters < > 0 then 


12 
15 
1 
2 
BEGIN 


12 
16 
1 
3 
release: = release + 8; 
13 
17 
1 
3 
quarters: = quarters - 1 
END; 
15 
19 
2 
if dimes < > 0 then 


16 
20 
2 
BEGIN 


16 
21 
3 
release: = release + 4; 
17 
22 
3 
dimes: =dimes-l 
END; 
19 
24 
2 
if nickels < > 0 then 


20 
25 
2 
BEGIN 


20 
26 
3 
release: = release + 2; 
21 
27 
3 
nickels: = nickels-l 
END; 
23 
29 
2 
if pennies < > 0 then 


24 
30 
2 
BEGIN 


24 
31 
3 
release: = release + 1; 
25 
32 
3 
pennies: = pennies-1 
END; 
27 
34 
2 
numberofcoins: 
= quarters + dimes + nickels + pennies; 


28 
35 
2 
OUTWRD(130,release); 


29 
36 
2 
END; 
31 
37 
1 
END; 
("payment") 


32 
39 
0 
0 
BEGIN 
("main") 


32 
40 
0 
1 
INWRD(2,paid); 
33 
41 
0 
1 
INWRD(70,purchase); 


34 
42 
0 
1 
change 
: = paid - purchase; 


35 
43 
0 
1 
coins 
: = change mod 100; 
36 
44 
0 
1 
quarters 
: = coins div 25; 
37 
45 
0 
1 
coins 
: =coins 
mod 25; 
38 
46 
0 
1 
dimes 
:=coins 
div 10; 
39 
47 
0 
1 
coins 
: =coins 
mod 10; 
40 
48 
0 
1 
nickels 
: =coins div 5; 
41 
49 
0 
1 
pennies 
: = coins mod 5; 
42 
50 
0 
1 
payment; 
43 
51 
0 
1 
END. 
("main") 
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Figure 2. Listing of CMAKER.86 


(1) 
·BASE 
DECIMAL 
(2) 
·MAP OKLENGTH32K HS 
·MAPIO OTLENGTH 192T ICE 
·MAP 
MAP 
OKLENGTH 
32K HS 


MAP 
32K LENGTH 
992K GUARDED 


·MAPIO 
MAPIO OOOOOHLENGTH 
OOOCOHICE 


MAPIO OOOCOHLENGTH 
OFF40H USER 


(3) 
·LOAD :F1:CMAKER.86 


(4) 
·DEFINE POINTERbegin = S 
·DEFINE BRKREGpay = :cmaker #9 
·DEFINE PROCdisplay = DO 
.·WRITE USING(' "quarters = ",T,O,>')quarters 
•·WRITE USING(' "dimes = ",T,O')dlmes 
.·WRITE USING(' "nickels = ",T,O,>')nlckels 
.·WRITE USING(' "pennies = ",T,O')pennles 
•·RETURNTRUE 
.·END 
(5) ·GO USINGpay 
?UNIT 0 PORT 2H REQUESTS WORD INPUT (ENTER VALUE)·100 
?UNIT 0 PORT 46H REQUESTS WORD INPUT (ENTER VALUE)·65 
·Probe 0 stopped at :CMAKER#9 + 4 because of execute break 


Break register is PAY Trace Buffer Overflow 


(6) ·quarters;dlmes;numberofcolns 


+1 
+1 
+2 
(7) 
·DEFINE SYSREGwr-"umber 
= WRITE AT .:cmaker.payment.numberofcolns & 


··CALL display 
·GO USINGwr-"umber 


quarters = + 1 
dimes = + 1 


nickels = +0 
pennies = + 0 


Probe 0 stopped at :CMAKER # 28 + 3 because of bus break 


Break register is WR_NUMBER 


(8) ·numberofcolns 
+0 
·EVAL release 
1100Y 12T CH'..' 
(9) ·CLIPSOUT = 11Y 
(10) ·GO FOREVER 
?UNIT 0 PORT 82H OUTPUT WORD OC 
?Probe 0 stopped at location 0033:00AEH because of bus not active 


Bus address = 0203DE 
·S=begln 
• 


1. 
Checking to see that the default radix is decimal. 


2. 
Mapping user program memory to 121CEhigh-speed memory and user I/O ports to the 121CEsystem 
console. 
3. 
Loading the user program. 
4. 
Defining debugging objects. 
The debugging variable begin is set to $, an 121CEpseudo-variable representing the current execution 
point. At this point in the debugging session, $ is the beginning of the user program. 
The break register pay specifies a breakpoint at statement 9 in the user program. 
The debuggning procedure display displays the value of some user program variables on the console. 
5. 
Beginning emulation with the debugging register pay. The console requests the two input values, paid 
and purchase. 
Then, the break occurs. 
6. 
Displaying three user program variables. 


7. 
Defining another debugging register. The specified event is the writing of the user program variable 
numberofcolns. 
When that event occurs, the 121CEsystem calls the debugging procedure display. 
In 
addition to displaying some user program variables, this debugging procedure returns a Boolean value. 
Because this value is TRUE, the break occurs; if the value were FALSE, emulation would continue. 
8. 
Displaying the two user program variables, numberofcolns 
and release. The EVAL command displays 
release 
in binary, decimal, hexadecimal, and ASCII. Unprintable ASCII characters appear as periods 
(.). 


9. 
Asserting both output lines on the emulation dips. These lines lire input to the prototype hardware and 
control a change release mechanism. 


10. Resuming emulation. The console displays the write of release to the output port. The user program 
finishes executing, and the probe stops emulating because of bus inactivity. The $ is set back to the 
beginning of the user program in preparation for another emulation. 


Figure 4. Explanation 
of Sample Debugging 
Session 
In Figure 3 


121CETMSYSTEM 
INSTRUMENtATION 


SUPPORT 


Eight external input lines are sampled during each 
processor bus cycle. The 121CEsystem records the 
values of these lines in the trace buffer during each 
execution cycle. The 121CEsystem can use these 
values when defining events. 


Four additional output lines synchronize 121CEsys- 
tem events with external hardware. Two lines are 
active and programmable with 121CEsystem com- 
mands. Two other lines, break and trace, allow an 
121CEsystem chassis to be linked to other 121CEsys- 
tem chassis. 


iPATTM PERFORMANCE 
ANALYSIS 


TOOL 


The Intel Performance Analysis Tool (iPAT analyst) 
helps software engineers optimize code and im- 
prove software reliability. Software object code gen- 
erated by Intel assemblers and Intel compilers (e.g., 
for C, PL/M, Pascal, and FORTRAN) can be ana- 
lyzed symbolically to improve software execution ef- 
ficiency and to validate test coverage. Any object 
code that lacks Intel compiler information-but 
that 


can be run by Intel emulators and for which an abso- 
lute program map is availabl~an 
also be ana- 


lyzed (non-symbolically) by the iPAT analyst. The 
iPAT analyst operation is currently supported via a 
target interface to the 121CEsystem. For more infor- 
mation, see the iPAT analyst data sheet, Order 
Number 280165. 


inter 
121CETM 


Host Requirements 


Series III, Series IV, Model 800, or IBM PC AT or PC 
XT. 


512K 
bytes 
in host 
development 
system 
memory 


space. 


121CETMSystem Software 


121CEsystem 
host software 
121CEsystem 
probe software 
121CEsystem 
confidence 
tests 
PSCOPE-86 
(available 
as an option 
for the IBM PC 


AT or PC XT) 


Mappable 
zero wait-state 
memory 
(zero wait-states 
up to 10 MHz for 8086; 
8 MHz for 8088; up to 10 
MHz for 80186/80188, 
and 
up to 10 MHz for 80286): 


Trace buffer: 


Virtual symbol table: 


Minimum 
32K bytes 


Maximum 
288K bytes 


1023 x 48 bits 


The 
number 
of 
user 


program 
symbols 
is 


limited 
only 
by 
avail- 
able disk space. 


INSTRUMENTATION 
CHASSIS 
Width: 
17.0 in (43.2 cm) 


Height: 
8.25 in (21.0 cm) 


Depth: 
24.13 in (61.3 cm) 


Weight: 
48 Ibs (21.9 kg) 


HOST/CHASSIS 
CABLE 


10ft 
(3.0m) and 42 ft (12.8m) 
options 
for 


Series III/Series 
IV host 
15 ft (4.6m) for PC host 


BUFFER 
BOX 
Width: 
8.5 in (21.6 cm) 


Height: 
3.0 in (7.6 em) 


Depth: 
10.0 in (25.4 cm) 


Weight: 
8 Ibs (3.7 kg) 


90-132Vor 
180-264V 
(selectable) 


47-63 
Hz 
12 amps (AC) 


Environmental 
Requirements 


Operating 
Temperature: 
O°C 
to 
40°C 
(32°F 
to 


104°F) 


Operating 
Humidity: 
Maximum 
of 85% 
relative 


humidity, 
non-condensing 
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HIGH PERFORMIINCE REIIL-TIME EMlJIATION 


Inters ICE-186 emulator 
delivers 
real-time 
emulation 
for the 8OC186 microprocessor 
at speeds up to 


12.5 MHz. The in-circuit 
emulator 
is a versatile 
and efficient 
tool for developing. 
debugging 
and 
testing 
products 
designed with the Intel 80C186 
microprocessor. 
The ICE-186 emulator 
provides 
real 


time. full speed emulation 
in a users system. 
Popular features 
such as symbolic 
debug. 2K bytes 
traoe memory. and single-step 
program 
execution 
are standard 
on the ICE-186 emulator. 
Intel 
provides 
a complete development 
environment 
using assembler 
(ASM86) as well as high-level 
languages 
such as Inters C86. PUM86 
or Fortran 
86 to acoelerate development 
schedules. 


The ICE-186 emulator 
supports 
a subset of the 8OC186 features 
at 12.5 MHz and at the TTL level 
characteristics 
of the component. 
The emulator 
is hosted on IBM's Personal Computer 
AT. already 
available 
as a standard 
development 
solution 
in most of today's 
engineering 
environments. 
The 
ICE-186 emulator 
operates 
in prototype 
or standalone 
mode. allowing 
software 
development 
and 
debug before a prototype 
system is available. 
The ICE-186 emulator 
is ideally 
suited for developing 
real-time 
applications 
such as industrial 
automation. 
computer 
peripherals. 
communications. 
offioe 
automation. 
or other applications 
requiring 
the full power of the 12.5 MHz 80C186 
microprocessor. 


Icr-186 
FEIITlJRES 


• 
Full 12.5 MHz Emulation 
Speed 


• 
2K ByteS Deep Traoe Memory 
• 
Two-Level Breakpoints 
with OCcurrenoe 
Counters 


• 
Single-Step Capability 


• 
128K Bytes Zero Wait-State 
Mapped Memory 


• 
Supports 
DRAM Refresh 
• 
High-Level 
Language 
Support 
• 
Symbolic 
Debug 


• 
Coprooessor 
Support 
• 
RS-232-G and GPIB Communication 
Links 


• 
Crystal 
Power Accessory 


• 
Interface 
for Intel Performance 
Analysis 
Tool 


(iPAn 
• 
Interface 
for Optional 
General Purpose 
Logic 


Analyzer 
• 
Tutorial 
Software 


• 
Complete Intel Service and Support 


intJ---------- 


HIGHEST EMIJLATION SPEED 
IIVIIILIIBLE 
TODIIY 


The ICE-186 emulator 
supports 
development 
and debug of 
time-critical 
hardware 
and software 
using Intel's 12.5 MHz 
80C 186 microprocessor. 


RETRIICE 
SOITWIlRE 
TRIICIlS 


This emulator 
captures 
up to 2.048 frames of processor 


activity. 
including 
both execution and data bus activity. 
With this trace memory. large blocks of program 
code can 
be traced in real time and viewed for program 
now and 
behavior 
characteristics. 


HIIRDWIlRE 
BREIIIlPOINTS 
I'OR 


COMPLEX DEBIJG 


User-defined 
"'TIL-THEN" 
breakpoint 
statements 
stop 
emulation 
at specific execution addres:;es or bus events. 
During the hardware 
and software 
integration 
phase. 
breakpoint 
statements 
can be defined as execution 


addresses 
and/or bus addresses and/or bus access types 


such as memory 
and I/O reads or writes. Additionally. 
event counters 
provide another 
level of breakpoint 
control 
for sophisticated 
state machine constructs 
used to specify 


emulation 
breakpointSJtracepoints. 


A stepping command 
can be used to view program 


execution one frame at a time or in preset frame blocks. 
When used in conjunction 
with symbolic 
debug. code 


execution can be monitored 
quickly 
and precisely. 


DEBIJG CODE WITHOIJT II 
PROTOTYPE 


Even before prototype 
hardware 
is available. 
the ICE-186 


emulator 
working 
in conjunction 
with the Crystal 
Power 


Accessory (CPA) creates a "'virtual" 
application 
environment. 
128K bytes of zero wait-state 
memory 
is 
available 
for mapped memory 
and 110resource addressing 
in 4K increments. 
The CPA provides emulator 
diagnostics 
as well as the ability 
to use the emulator 
without 
a 
prototype. 


DON'T WSE 
MEMORY 


The ICE-186 emulator 
continues 
DRAM refresh signals 


even when emulation 
has been halted. thus ensuring 
DRAM memory 
will not be lost. During 
interrogation 
mode 
the ICE-186 emulator 
will keep the timers 
functioning 
and 


correctly 
respond to interrupts 
in real-time. 


HIGH LEVEL LIINGIktGE SIJPPORT 
OPTIMIZED 
I'OR INTEL TOOLS 


The ICE-186 supports 
emulation 
for programs 
written 
in 
Intel's ASM86 or any of Intel's high-level languages: 


PUM-86 
Pascal-86 
Portran-86 
C-86 


These languages arc optimized 
for Intel component 
architectures 
to deliver a tightly 
integrated. 
high 
performance 
development 
environment. 


IJSER-FRIENDLY 
SYMBOUCS 
IIID IN 


DEBIJG 


Symbolics 
allow access to program 
symbols 
by name 


rather than cumbersome 
physical 
addresses. 
Symbolic 


debug speeds the debugging 
process by reducing 
reliance 


on memory 
maps. In a dynamic 
development 
process. user 
variables 
can be used as parameters 
for ICE-186 
commands 
resulting 
in a consistent 
debug environment. 


COPROCESSOR SIJPPORT 


Coprocessor 
support 
enables applications 
to run faster 
due to off loading of the main CPU. The ICE-186 emulator 
supports 
alternate 
coprocessors 
such as LA". controllers 


and graphic 
engines. however it does not have built in 
support 
for the 8087 coprocessor. 


MIJLTlPLE HIGH-SPEED 
COMMIJNICIITION UNIlS 


Two communication 
links are available 
for use in 
conjunction 
with the host IBM PC AT. The ICE-186 
emulator 
uses either serial (RS-232-C) or a parallel 
(GPIB) 


link. A user supplied 
National 
Instruments 
(IEEE-488) 


GPIB communication 
board provides 
parallel 
transfers 
at 


rates up to 300K bytes per second. 


SOITWIlRE 
IINIILYSIS 
(IPIIT) 


Intel's Performance 
Analysis 
Tool (iPAT) is designed to 


increase team productivity 
with features 
like interrupt 
latency measurement. 
code coverage analysis 
and 
software 
module performance 
analysis. 
These features 


enable the user to design reliable. high performance 
embedded control 
products. 
The ICE-186 emulator 
has an 
external 
60 pin connector 
for iPAT. 


BIJILT-IN SIJPPORT FOR WGIC 
IINIILYSIS 


General-purpose 
logic analyzers 
can be used in 
conjunction 
with the ICE-186 to prOVide detailed timing 
of 
specific events. The ICE-186 emulator 
provides 
an external 
sync signal for triggering 
logic analysis. 
making complex 


trigger 
sequence programming 
easy. .l,n additional 
60 pin 
connector 
is included 
for the logic analyzer 


WORLDWIDE 
SERVICE IIND SIJPPORT 


The ICE-186 emulator 
is supported 
by Intel's worldwide 


service and support 
organization. 
Total hardware 
and 
software 
support 
is available 
including 
a hotline number 
when the need is there. 
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PERSONAL 
COMPIJTER 


IlEQIJIREMENTS 


The ICE-186 emulator 
is hosted on an IBM PC AT. The 


emulator 
has been tested and evaluated on an IBM PC AT. 
The PC AT must meet the following 
minimum 
requirements: 
• 
640K Bytes of Memory 


• 
Intel Above Board with at Least 1M Byte of Expansion 
Memory 


• 
One 360K Bytes or One 1.2M Bytes noppy Disk Drive 
• 
One 20M Bytes Fixed-Disk 
Drive 
• 
PC DOS 3.2 or Later 
• 
A serial Port (COM 1 or COM2) Supporting 
Minimally 
at 
9600 Baud Data Transfers. 
or a National 
Instruments 


GPIB-PC2A board. 


• 
IBM PC AT BIOS 


PBl'SICAL 
DESCIllPTION 
AND 


CBAIlACTEIlISTlCS 


The ICE-186 Emulator 
consists of the following 


components: 


Width 
Helaht 
Lenath 


Unit 
Inches 
Cm. 
Inches 
Cm. 
Inches 
em. 


Emulator 


Conlrol Unll 
10.40 
26.40 
1.70 
430 
20.70 
5260 


Power Supply 
2.80 
7.10 
4.15 
10.70 
11.00 
27.90 


User Probe 
3.70 
9.40 
65 
1.60 
7.00 
17.80 


User Cable! 


Plcc 
22.00 
559U 


Hinge Cable 
3.40 
860 


Crystal POlI'er 


Accessory 
4.30 
10.90 
.60 
1.50 
670 
1700 


CPA Power 
Cable 
900 
22.90 
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ELECTRICAL 
CONSIDERATIONS 


lcc 1050mA 


ENJ'lIlONMENTAL 
SPECIFICATIONS 


Operating 
Temperature 
10°C-40°C 
Ambient 
Storage Temperature 
- 40°C· 70°C 


ORDERING 
INFORMATION 


ICE 186 
ICE·186 
MOS System including 
ICE 
software 
(Requires DOS 3.XX PC AT with 
Above Board) 


ICE-l86 
NMOS System including 
ICE srw 
packages and the iPAT system (Requires 
DOS 3.XX PC AT with Abuve Board) 


D86ASM86NL 
86 macro assembler 
86 builder/bmderl 


mapper 
utilities 
for DOS 3.X.'\. 


86 C compiler 
and run time libraries 
for 
DOS 3.XX. 


